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Systemic lupus erythematosus was originally described by a dermatologist (Kaposi, 1872). 
The cardiac manifestations of this disease were first noticed by Libman in 1911 and published with 
Sacks in 1924 (4 cases). Recognition of the full clinical picture and of the interrelationship of the 
various aspects of the disease was achieved by the Mt. Sinai group in the years 1923-1935 (see 
Baehr et al., 1935). The first account of the pathology of the cardiac lesions was based on 11 
cases (Gross, 1932). 

Systemic lupus erythematosus appears to be less common in the British Isles than in the U.S.A., 
but it has received more attention here in recent years. With wider recognition of the disease the 
incidence of heart damage has been found to be greater: Humphreys (1948) found cardiac abnor- 
malities in most of 21 cases studied at necropsy, and Harvey et al. (1954) found that 
55 per cent of 138 patients had cardiac abnormalities at some stage of their illness, the commonest 
finding being pericarditis. 

Our own observations also show a high incidence of cardiac abnormalities in systemic lupus 
erythematosus. Heart lesions develop in nearly all patients at some time during the course of 
their disease when life is prolonged by modern antibiotic and steroid therapy. 


MATERIAL AND METHODS 


Sixty patients have been studied in hospital* in the past ten years. Their ages range from 10 to 
54. Only four were female. The diagnosis was based on a combination of features such as poly- 
arthritis, lupus rash, fever, and renal, cardiac, or pulmonary involvement, and a raised sedimentation 
rate. The incidence of the important systemic manifestations is shown in Table 1. In 50 patients 


TABLE I 


INCIDENCE OF NON-CARDIAC MANIFESTATIONS IN 60 PATIENTS 
WITH SYSTEMIC LUPUS ERYTHEMATOSUS 





Polyarthritis .. os a x a «s JF CRSSS 
Fever .. Se ae eS a a ao a 
meen... ‘ as ee ex = « _« 
Albuminuria . are = Sa x! us a 
Lymphadenopathy e a ee 
E.S.R. above 20 mm. in one ‘br. (Westergren) a. sa 
Leucopenia .. oe .. ae ws 
L.E. cells re 5 as es ~ sn 


* Not estimated in remaining 3. 

+ This leucopenia of 4000/cu.mm. or below was usually a 
transient finding in patients who had had several blood 
counts. Persistent leucopenia was rare. 

t L.E. cells looked for in 55 patients. 


* 20 at the Hammersmith Hospital, 28 at the London Hospital, and 12 at the Canadian Red Cross Memorial 
Hospital, Taplow. 
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out of the 55 who were tested, the diagnosis was confirmed by the finding of L.E. cells in peripheral 
blood. Necropsies were done in 27 of the 31 who died and confirmed the diagnosis. In two 
patients the diagnosis rested on clinical evidence alone, i.e. L.E. cells have been found and the 
patients remain alive. All patients had electrocardiograms, most had chest X-rays, and some had 
phonocardiograms. None have had hemodynamic studies. 

All the patients had the criteria required for diagnosis by the Medical Research Council Collagen 
Panel (1952—unpublished), except for three with necropsy confirmation of the diagnosis but without 
confirmation by sedimentation rate. Essential features were a sedimentation rate raised above 
20 mm. in 1 hour, and in addition two major features or one major and at least two minor features 
out of the followinglists. Major criteria—(1) rash compatible with disseminated lupus, (2) leucopenia 
below 5000/cu. mm., (3) the finding of L.E. cells in a 15-minute search. Minor criteria—(1) arth- 
ralgia or joint effusions, (2) serositis, (3) fever, (4) retinitis, (5) Rose-Waaler agglutination titre test 
1:16 or more, (6) albuminuria. It is realized that these criteria may occasionally fit other diseases, 
and therefore as far as possible other disease was excluded. 


PATHOLOGY 


This pathological description is based on 27 necropsy cases. The heart was grossly enlarged 
(over 400 g.) in 7 out of 21 cases with recorded weights. The Endocardium. The mitral valve was 
involved frequently (10 out of 27 cases) (Fig. 1-3), the aortic valve four times, the pulmonary valve 
once, and the tricuspid once. Thirteen patients had valve lesions and in two there was a secondary 
superimposed bacterial infection. The primary lesion in all was of the type described by Gross 








Fic. 1.—Mitral valve showing verrucous endocarditis with slight scarring in cusps 
but no lesion of the chorde tendinez. 
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Fic. 2.—H. & E. X13. Showing mitral valve with Fic, 3—H. & E. x12. Mitral valve showing gross 


thickening and infiltration of endocardium in chronic thickening and deformity with much fibri- 
pocket and along auricular surface together with noid and hematoxylin-staining degeneration, and 
recent but organizing thrombus on valve. Note some superficial fibrin. 


also intimal obliteration of vessels. 


(1932) and Klemperer e¢ al. (1941), with multiplication of endothelial cells, proliferation of Anitschow 
myocytes, and infiltration of inflammatory mononuclear cells in the valve ring and in the base of the 
valve, particularly in the valve pocket (Fig. 4). Here, aggregations of hemosiderin were frequently 
found and some fibrosis, indicating past inflammatory activity. In these areas, cells were seen 
undergoing karyolysis to form hematoxylin bodies, and this seemed to merge into eosinophilic 
fibrinoid material (Fig. 5). The mural endocardium, particularly in the neighbourhood of the 
mitral valve, showed proliferation of fibroblasts and myocytes (Fig. 6) often to form a dense granu- 
lomatous layer, sometimes arranged in almost a palisade fashion. 

The Myocardium. Myocardial fibres themselves were seldom involved but in one case there was a 
patchy degeneration of some fibres, the nuclei thereof losing definition and resembling the inclusion 
body of an L.E. cell (Fig. 7). As far as we know this has not previously been described. Myo- 
cardial fibrosis was present in two cases and was associated with vascular occlusions (see below). In 
papillary muscles, interstitial nuclear proliferation and degeneration with pyknosis was seen (Fig. 8). 
In other cases abnormalities of the myocardium were chiefly interstitial and sometimes extensive 
(Fig. 9). 

Frequently there was a fibrinoid lattice with cellular infiltration, and many of these cells were 
undergoing degeneration to hematoxylin bodies (Fig. 10); sometimes the lattice was acellular 
(Fig. 11). In some instances it appeared as if the fibrinoid lattice had formed on collagenous 
strands proceeding from an oedematous area of connective tissue (Fig. 12), perhaps as a result of 
motion and a mechanism similar to clot retraction. Thus it seems likely to us that the fibrinoid 
change so characteristic of this disease (and historically responsible for the popular but misleading 
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term “collagen disease”’) derives mainly from clotting of fibrinogen occurring in areas of gelatinous 
exudate, but that occasionally local cellular infiltration occurs and the products of nuclear degenera- 
tion then contribute to “fibrinoid” in certain areas. Fibrinoid substances may in fact differ not 
only from disease to disease but also from site to site within a single organ. 

The small vessels may show fibrosis affecting intima, media and adventitia (Fig. 13), and rarely 
acute necrosis. In two hearts extensive fibrosis had occurred in the myocardium due to widespread 


Fic. 4.—H. & E. x210. Healed pocket lesion of the mitral valve. 


arterial occlusion. This was longstanding in one case with recanalization (Fig. 14) and more recent in 
the other (Fig. 15), where thrombus was still adherent to the intima and covered by endothelium. 
More acute arterial lesions consisting of endothelial cell proliferation were also seen in the former 
case. 

The pericardium was usually abnormal (20 out of 27 cases); mostly the layers were obliterated, 
occasionally there were deposits of fresh fibrin (2 cases), or an effusion (2 cases). Microscopical 
examination showed much fibrinoid change and many hematoxylin bodies. 
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Fic. 5.—H. & E. x 170. Mitral valve showing nuclei undergoing degeneration to form hematoxylin 
bodies and then fibrinoid. 





Fic. 6.—H. & E. 235. Mural endocardium showing Fic. 7.—H. & E. x350. Ventricular muscle fibres 
proliferation of fibroblasts and myocytes. showing diffuse degeneration of certain fibres with 


nuclear transformation. 
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Fic. 8.—H. & E. x350. Papillary muscle showing nuclear proliferation and degeneration to 
pyknotic debris. 





or 


Fic. 9.—H. & E. x 150. Organized interstitial cellular infiltrate in myocardium. 
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Fic. 11.—H. & E. x105. Relatively acellular fibrinoid lattice between cedematous 
muscle bundles. 

THE CLINICAL FEATURES OF LupUS CARDITIS: 

The incidence of cardiac manifestations in the 60 cases is shown in Table II. 


Endocarditis. 
organic murmurs. 


(Fig. 16) so that diagnosis is often difficult and easily overlooked. The commonest finding is-of a 


The diagnosis of valvular endocarditis of any type is based on the recognition of 
In lupus we have found that these murmurs are sometimes soft and transient 
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Fic. 12.—H. & E. x80. Fibrinoid lattice in myocardium showing transition from gelatinous oedema. 


mid-systolic murmur which is indistinguishable from an innocent murmur and therefore difficult to 
assess. We have accepted all pan-systolic murmurs and all diastolic murmurs as evidence of endo- 
carditis. 

Griffith and Vural (1951) found endocardial lesions at necropsy in 8 out of 18 cases, of which 
only one had been known to have a mitral diastolic murmur and two others had systolic murmurs 
of doubtful significance. Shearn and Pirofsky (1952) diagnosed mitral valve disease on the finding 
of an apical diastolic murmur in four patients and Libman-Sacks endocarditis of the mitral valve 
was found in two that came to necropsy. Harvey et al. (1954) found that apical systolic murmurs 
were frequent in cases with carditis and in those without; they correctly diagnosed mitral valve 
disease on the basis of an apical diastolic murmur in two cases but considered that the presence of 
endocarditis usually had little or no effect on the heart or circulation. 

It is clear that there is difficulty in recognition of lupus endocarditis and in our own experience 
although 13 of the 27 necropsy cases showed endocarditis we recognized definite organic murmurs 
in only 12 of the 60 patients. Twenty-eight others had a midsystolic murmur heard best at the left 
sternal edge or base and considered to be functional or incidental to tachycardia, fever, anemia >r 
a raised blood pressure. None of these murmurs was associated with evidence of valve obstruction 
or loud enough to make it certain that the murmur indicated organic disease. 

Mitral valvulitis was recognized in seven patients of whom two had pan-systolic murmurs on’y, 
two had a mitral diastolic murmur only, and the remainder had both. Two had evidence of aor ic 
regurgitation as well as mitral valve disease. 

One patient with an isolated pan-systolic murmur died, and necropsy showed verrucous vege‘ 1- 
tions on the mitral valve: another, who had given a history of rheumatism in childhood and h :d 
mitral systolic and diastolic murmurs and an aortic diastolic murmur, showed verrucous vegetati on 
on the aortic valve and slight fusion of the mitral cusps. 
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Fic. 13.—H. & E. x 200. Myocardial vessel showing recanalization and scarring of vessel with myocardial fibrosis . 





Another patient was of great interest as she developed signs of mitral stenosis while under 
observation, and necropsy showed mild mitral stenosis with recent vegetations. The illness started 
with persistent “‘chilblains” and erythema after pneumonia. L.E. cells were found in the peripheral 
blood. Two years later mild polyarthritis and a further attack of lung infection developed: until 
this the heart had been clinically normal, including the electrocardiogram and phonocardio- 
gram. During the following year a mitral systolic murmur, presystolic murmur, and opening 
snap developed (Fig. 17). There was persistent fever and raised sedimentation rate despite cortisone. 
Pericarditis and atrial fibrillation developed. Finger pulp lesions, psychosis, and persistent albu- 
minuria occurred during the period: deterioration and death were due to a pyocyaneus pneumonia 
four years after the onset of symptoms. This was the only case showing clinical evidence of stenosis 
rather than non-obstructive valvulitis. 

In addition to four patients with a pansystolic murmur there was another woman of 34 in whom 
a late apical systolic murmur indicated valve disease. At necropsy there were scattered vegetations 
on the inferior surface of the mitral valve. 

The mitral valve is the commonest site of inflammation in lupus erythematosus as in rheumatism. 
Cusp fusion may develop but is rarely sufficient to produce symptoms and signs of obstruction or 
Serious regurgitation. Bacterial endocarditis developed on the mitral valve in one patient. 
Necropsy showed a pulmonary valvulitis in one, and a tricuspid valvulitis in another such as had been 
described by Gibson and Wood (1955). The patient with tricuspid valvulitis and four others in 
the necropsy series had unsuspected mitral valve disease and in two of these there was fusion of the 
mitral cusps at their edges in association with active lupus endocarditis. 

Aortic valvulitis was recognized by finding an aortic diastolic murmur in six patients of the 
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Fic. 14.—-H. & E. x200. Scarred artery with subintimal fibromuscular cell proliferation 
and “‘onion-peel”’ fibrosis of adventitia. 


whole series (2 of these had signs of mitral valve disease also). Two came to necropsy: valvulitis 
was confirmed in one and unconfirmed in another who had slight aortic regurgitation associated 
with severe systemic hypertension. In the necropsy series four patients had organic aortic valve 
disease but in only one of these was it recognized in life. 

Myocarditis. The clinical detection of myocarditis in disseminated lupus erythematosus is 
difficult because the development of heart failure is often associated with such factors as hyperten- 
sion, pericarditis, and sodium and water retention due to renal disease or steroids. Furthermore, 
increase in the heart shadow on X-ray may be due to the development of an effusion or of hyperten- 
sion. The observed development of a softening of the first heart sound, the appearance of a third 
heart sound, or the occurrence of frequent extrasystoles in the known absence of the factors men- 
tioned above would indicate myocarditis but in our experience this is rare. Only two patients ia 
the series developed an arrhythmia—atrial flutter with a 2:1 block developed terminally in one case, 
and atrial fibrillation developed in another. There were no cases where heart failure could be 
attributed solely to myocarditis. 

In a few cases there was histological evidence of myocardial disease with fibrinoid change an.l 
fibrosis. This muscle damage never appeared to be severe, although it may contribute to the early 
development of cardiac failure when there is also systemic hypertension. 

In the electrocardiogram slight abnormalities affecting the S-T segment and T wave were most / 
associated with evidence of pericarditis and were usually interpreted as such. Prolongation o° 
conduction time of either P-R, QRS, or Q-T interval in the absence of a caus2 for ventricular hyper - 
trophy is good evidence of cardiomyopathy but these signs were not encountered. 

Pericarditis. It is well known that pericarditis occurs during the course of systemic lupus 
but it is not widely recognized that pericarditis occurs in almost all cases at some stage of th: 
disease. Pericarditis was not found in 7 of the 27 necropsy cases but five of these had die | 
exceptionally early in the course of the disease, the duration of symptoms being only 4, 5, 9, 10, an | 
19 months. The cause of death was an acute intercurrent infection in four and rapidly increasin 3 
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THE HEART IN SYSTEMIC LUPUS ERYTHEMATOSUS 


Fic. 15.—H. & E. x 200. Myocardial fibrosis with thrombotic vascular obliteration. 


renal failure in the fifth: in one case pericarditis was recognized by a pericardial rub and marked S-T 
elevation in the cardiogram, but these findings were transient and no pericardial abnormality 
was found at necropsy. Pericarditis may be a continuing process but more often it appears as an 
isolated attack or as recurrent brief episodes; such attacks may be unaccompanied by symptoms. 

The typical anterior chest pain of pericarditis occurred in 17 of 60 cases and 13 of them had 
pericardial friction at the same time. More patients had friction than pain (26 out of 60). Friction 
is sometimes present for only a few hours and is readily missed for this reason. Many patients 
showed an increase of fever and heart rate accompanying an attack of pericarditis; a careful scrutiny 
of accurate temperature and pulse charts is necessary to detect these changes, which are not always 
obvious because of pre-existing fever from the general disease. 

Dyspnoea is a common symptom in disseminated lupus erythematosus because of pulmonary 
disease; it usually increases at the time of an attack of pericarditis. Severe tamponade is rarely 
seen and a significant rise in jugular venous pressure that could be directly attributable to the 
development of a pericardial effusion occurred in only 5 of the 60. We have found that inter- 
pretation of a rise in jugular venous pressure is particularly difficult during active phases of this 
condition, as the explanation may lie in water retention associated with steroid therapy or in myo- 
cardial failure, either or both of which may be present as well as a pericardial effusion. Serial 
X-rays show that pericardial effusions may be of slight to moderate size and frequently resorb 
rapidly (20 out of 60 showed radiological evidence of effusion with resorption). 

Almost all patients (52 out of 60) showed at some stage of the disease electrocardiographic abnor- 
malities that were consistent with acute or chronic pericarditis (Fig. 18) or with pericardial effusion 
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TABLE II 


INCIDENCE OF CARDIAC MANIFESTATIONS IN 60 
PATIENTS WITH GENERALIZED LUPUS 


























ERYTHEMATOSUS 

Clinical (60 cases) | 
Functional systolic murmurs | 28 
Endocarditis (13 of 27 with necropsy) | 12 

(Organic murmurs) | 

Mitral valve | 
L.S.M. , el 1 
M.S.M. F Al 2 
M.S.M.+M.D.M : ‘4 1 
M.D.M. .. : 2 

Mitral+aortic valve 
M.S.M.+M.D.M.+E.D.M 1 
M.D.M.+E.D.M ; | I 

Aortic valve 
E.D.M. P 4 
Arrhythmia a 

Pericarditis i of 27 with eiceaatedieds 
Pain . ‘ aon 17 
Rub. in 26 
Pain+rub .. * me ao 13 
X-ray me i a i 20 
E.C.G. - Z P ee 52 
Hypertension .. 4 ~ oot ae 
Renal 20 
Steroid 4 
Essential (incidental) | 2 
Pulmonary hypertension | 2 

Heart failure... * a mek 22 ; 





.S.M.=late systolic murmur. 
‘S.M.=mitral (pan) systolic murmur. 
.D.M.=mitral diastolic murmur. 
.D.M.=early diastolic murmur. 


ase 


(Fig. 19). Slight T-wave changes or transient elevation of S-T segments were characteristic. After 
severe attacks the T waves rarely recovered their original voltage. Effusions were sometimes 
accompanied by a great drop in voltage of the QRS-T in all leads. After the effusion resorbed 
(Fig. 19) normal voltage was restored. Although two patients with abnormal T waves were found 
at necropsy to have myocardial infarcts, it was impossible in the absence of pathological Q waves 
to distinguish their electrocardiograms from those of cases with pericarditis alone. 

At necropsy 20 out of the 27 cases showed evidence of recent or old pericarditis. In those showing 
recent effusion the duration of the disease had been one to three years, whereas in others showing 
chronic adhesions the duration had been from two to eleven years, and in some of these the 
space was totally obliterated. None of these patients had evidence of constrictive pericarditis. 
Four of the 7 cases in which the pericardium was normal. had died within one year of the onset of 
the disease. 

Hypertension. Humphreys (1948) suggested that in the absence of renal disease the blood 
pressure in systemic lupus erythematosus is normal or more often low. Griffith and Vural (1951) 
recorded that 7 of their 18 patients had renal involvement, and 4 of these were the only patients to 
develop hypertension: they stated that hypertension was infrequent during the early phases of 
systemic lupus and when present was associated with advanced renal abnormalities. The incidence 
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Fic. 16.—Phonocardiograms showing a pan-systolic murmur and systolic click 
at the mitral area (A) which disappeared a month later (B). HF=high 
frequency. MF=medium frequency. MA=mitral area. LSE=left sternal 
edge. 
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Fic. 17.—Phonocardiograms showing the development of systolic and diastolic murmurs due to 


lupus endocarditis of the mitral valve. 
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Fic. 18.—Electrocardiograms (leads V1, V4, and V6) taken before, during and 
after development of pericarditis at 2-week and 4-week intervals. QRS vol- 
tage falls, S-T segment rises in acute phase (B), and returns with persistent 
slight T wave flattening (C). 


of cases with hypertension had been estimated at 14 per cent by Harvey et al (1954) and at 32 per cent 
by Shearn and Pirofsky (1952). The corresponding figure in the present series was 44 per cent. 

Twenty-six of our 60 patients developed a diastolic blood pressure of over 95 mm. of mercury. 
This hypertension was attributed to renal disease in 20 of these; 19 had proteinuria of at least 
100 mg./100 ml. and one other had a blood urea of 100 mg./100 ml. Steroid therapy had been given 
in 13 of these and this occasionally aggravated the hypertension. Of the six patients who 
developed hypertension without evidence of renal disease. steroid therapy had been given in four: 
the remaining two were both considered to have incidental essential hypertension. 

In eight patients hypertension was severe, with a diastolic blood pressure of 130 mm. Hg 
or more. Four of these had papilledema. One presented with hypertensive encephalopathy 
before any treatment for systemic lupus was given. Three others developed a rising diastolic 
pressure and papilleedema—two of them while on cortisone at a late stage of their disease. In on 
patient severe hypertension with papilledema responded well to hypotensive drugs, with grea 
improvement in general condition and eye signs. Cortisone was continued throughout the perioc 
of hypotensive drug therapy. 

We were able to follow 21 patients for a sufficiently long period to compare the severity anc 
duration of hypertension with the degree of myocardial hypertrophy at necropsy. The correlatio1 
was good in 18 but the other 3 appeared to have developed myocardial hypertrophy withou 
hypertension: one of these was the patient with bacterial endocarditis. 

Pulmonary hypertension was considered to have been present in two patients. One of thes: 
had extensive lung disease associated with clinical evidence of right ventricular hypertrophy whic! 
was confirmed electrocardiographically and at necropsy. In the other right ventricular hypertroph: 
was a necropsy finding. 

Heart Failure. Congestive cardiac failure developed in 22 cases. Systemic hypertension wa: 






























mo @ 060 8 


=m a 6 





er cent 
r cent. 
rcury. 
t least 
L given 
s who 
| four: 


1. Hg 
ypathy 
astolic: 
In on 

grea 
perioc 


y anc 
‘latio1 
ithou 


' thes 
whicl 
rophy 


n wa 











THE HEART IN SYSTEMIC LUPUS ERYTHEMATOSUS 


PEERS HERE 


















































tit 2000 HEE HE 


17. 10.54. dt Sy, 24..3.55. uy, se u 


A B D 


Fic. 19.—Electrocardiograms (leads I, II, III, and V6) showing changes due to pericarditis 
with pericardial effusion (A and B) and subsequent resolution with persistent T wave 
changes (C and D). 


the main cause but it was rarely the sole factor responsible for failure: pericarditis was often present, 
and in nearly all cases there were other factors predisposing to failure such as fever, secondary 
infection, anemia, and sodium and water retention due to steriod therapy. The onset was usually 
gradual and acute left ventricular failure was seldom seen. Five cases developed heart failure 
with a low or normal blood pressure; three of these had pericarditis and one had bacterial endo- 
carditis. There were no cases in which myocarditis was considered the sole cause of failure. The 
response of heart failure to sodium restriction, digitalis, and mersalyl was usually poor. 

Heart failure is generally made worse by salt-retaining hormones but in two patients an increase 
in the dose of cortisone controlled the disease better and heart failure improved. 


SUMMARY AND CONCLUSIONS 


Carditis occurs in the majority of cases of systemic lupus erythematosus. The commonest 
manifestation is pericarditis. This is rarely absent except in those where the history is short. It is 
often painless and is frequently accompanied by an effusion; it may be recurrent and often becomes 
chronic and adhesive, though constrictive pericarditis is not seen. Histologically, there are fibrinoid 
changes and hematoxylin bodies: intimal fibrosis or acute necrotizing lesions may be present in the 
small vessels. 

Endocarditis is present in about half of the necropsy cases. It rarely results in significant valvular 
obstruction or regurgitation, and for this reason is not recognized in life as frequently as it is found 
at necropsy. The diagnosis is made by the finding of an organic murmur. Valves of the left side 
of the heart are affected far more commonly than those of the right side, and bacterial endocarditis 
may supervene. Lesions commonly occur in the base of the valve, particularly in the valve pocket 
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and histologically there are numerous endothelial cells, Anitschow myocytes, and inflammatory 
mononuclear cells; disintegration of these cells results in the formation of hematoxylin bodies and 
eosinophilic fibrinoid material. 

Myocarditis is not common on histological examination. It is extremely difficult to recognize 
during life because of its association with pericarditis, hypertension, and possible water retention. 
Myocardial damage is chiefly interstitial, though the nuclei of myocardial fibres have been seen tc 
undergo degeneration, and there may also be myocardial fibrosis as a result of arterial occlusion. 
Degeneration of the nuclei of infiltrating cells produces hematoxylin bodies and may contribute tc 
fibrinoid material; but another, and possibly more important, source of fibrinoid material is inflam- 
matory exudate containing fibrinogen and other plasma proteins. 

Hypertension is commonly related to renal disease or hormone therapy and may reach malignant 
levels. Sometimes it can be controlled by ganglionic-blocking agents. Hypertension is an im- 
portant cause of heart failure, which is usually due to a variable combination of factors such as 
pericarditis, endocarditis, myocarditis, and sodium and water retention due to renal disease or 
steroid therapy. 

The electrocardiogram is probably abnormal at some stage of the disease in all cases though 
the abnormalities may be transient. Commonest signs are in the T wave and S-T segment due to 
pericarditis; there may be evidence of left ventricular hypertrophy due to systemic hypertension, o1 
rarely, right ventricular hypertrophy due to pulmonary hypertension. There are no changes that 
certainly indicate the presence of myocarditis as distinct from those produced by pericarditis, 
hypertrophy, and electrolyte change. 

The commonest cause of enlargement of the cardiac shadow on X-ray is pericardial effusion 
which is usually transient. Progressive enlargement is usually due to heart failure from a com- 
bination of the factors mentioned above. e 


Thanks are due to our colleagues in each hospital who kindly allowed us to see their patients and use their data, 
and in particular to Prof. Dorothy Russell, Dr. L. E. Glynn, Dr. I. Doniach, Prof. R. V. Harrison, and Prof. J. H. 
Dible for use of pathological data and material. We are also indebted to Mr. P. J. Fiske for the illustrations. 
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Experience with arterial changes in the pulmonary vasculature in pulmonary hypertension 
iggested a search for like changes in the systemic circulation in the case of systemic hypertension. 
‘he mechanism by which a rise in the pulmonary arterial pressure follows widespread obstruction 
ithin the limited pulmonary circulation, however, was not expected to be aped in the case of a 
aised systemic blood pressure, because it has been unusual in patients with systemic hypertension 
9 find such severe and universal obstruction affecting the more extensive systemic arterial circula- 


‘ion. Moreover, a common pathology for the two clinical states would appear to be inconsistent 


vith the current impression that it is rare to find the two conditions side by side in the same patient. 
n the case of pulmonary hypertension the cardiac output is so reduced as to subdue any tendency 
‘hat might be present to cause the systemic pressure to rise; but should systemic hypertension be 
established in the first instance, the addition of pulmonary hypertension is not similarly retarded, 
and indeed there is evidence that this association does take place, creating a state of holohyperten- 
sion (Evans, 1959 b). 

Renal disease has been long identified with certain forms of hypertension, and ever since the 
brilliant researches of Goldblatt and his co-workers (1934 and 1937) identified renal ischemia as 
a cause of hypertension in the experimental animal, it has been natural to suggest that changes 
in the vasculature of the kidney in man may produce the same persistent rise in blood pressure, 
which in turn initiates changes in the extrarenal arterial system. For this reason, and especially 
having regard to the changes described in the pulmonary arteries in pulmonary hypertension 
(Gilmour and Evans, 1946; Evans, 1951; Evans et al., 1957; Evans and Short, 1957 and 1958; 
Evans, 1959 a), a study of the arterial system, particularly of the kidney, was continued in patients 
with systemic hypertension. 

The Investigation. The work was carried out in three parts. First, kidneys obtained from 
necropsies of subjects in whom neither renal disease nor hypertension had been discovered in life 
were examined histologically, as well as kidneys removed surgically for one reason or another from 
patients without hypertension. Such a group provided examples of the normal renal arterial 
architecture. Secondly, in that the rate of dye excretion by the kidney might provide a clue as to 
the state of the renal circulation, inadequate though it be as a test of the efficiency of the whole 
renal vasculature, it was estimated in 22 patients in whom there was hypertension without clinical 
evidence of associated renal disease. In three patients where a significant delay in excretion was 
confined to one side, the affected kidney was removed surgically and subsequently examined histo- 
logically. Thirdly, renal and other arteries were examined in patients who had died from one of 
the complications of hypertension. 

Whenever a diagnosis of systemic hypertension had been made in life, it always depended on 
finding clinical, electrocardiographic, and radiological evidence of specific cardio-arterial derange- 
ment in addition to the raised blood pressure readings (Evans, 1957). This adherence to a definition 
of hypertension was a particular care, for a less exacting appraisal of a raised blood pressure would 
inevitably lead to a wrong conclusion on the incidence of arterial lesions in the condition. In the 
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past, a failure to insist on such a rigid definition of hypertension has sullied the inference drawr 
from painstaking research into the subject. 

The findings of the investigation are given for the three named clinical groups, and relate con- 
secutively to normal renal arteries, arteries of kidneys removed in hypertension, and the systemic 
arterial system (including the renal arteries) in cases of hypertension examined at necropsy. 


THE NORMAL RENAL ARTERIES 


Examination of the vasculature of the normal kidney was made in two groups of cases, the 
one in bodies where death had taken place from a non-renal cause and where hypertension was 
absent, and the other where kidneys had been removed from patients without hypertension. The 
examination sometimes included preliminary arteriography, and always microscopy, where sections 
were suitably stained for elastic tissue. 

Renal Arteriography. The arterio-arteriolar pattern of the kidney was obtained by radiography 
following injection of a radio-opaque substance after the manner described by Short (1957) for 
pulmonary arteriography. 

In normal kidneys the radiogram showed a constant pattern where the main arterial stem 





Fic. 1.—Renal arteriogram. (A) Healthy kidney. (B) Systemic hypertension, showing loss of finer 
branches and tortuosity of terminal branches. 
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‘Fig. 1). Such a characteristic pattern ensured the absence of obstructive arterio-arteriolar disease 





THE AETIOLOGY OF SYSTEMIC HYPERTENSION 19 





gave rise to branching which in turn divided into lesser twigs, and eventually ended without inter- 
‘uption in diminutive thread-like extensions representing arterioles of a diameter of 0-05 mm. 


t a subsequent histological examination. 

Histology. The renal arteries are muscular arteries with a media bounded by an outer and inner 
lastic layer, and are continued into arterioles, which measure less than 0-1 mm. in diameter, with 
-valls consisting of a single elastic layer. 





Fic. 2.—Normal renal arteries from three subjects. Single internal elastic layer in (A) (280u diam.). 
Double internal elastic layer in (B) (430u diam.) Multiple internal elastic layers in (C) (430. diam.). 
from an elderly subject. 


It is generally recognized that in most muscular arteries, soon after birth, the normal intima 
consists of two layers, Thoma’s musculo-elastic coat and Jores’ hyperplastic intimal coat, but 
according to Turnbull (1915) these separate layers are not present in the renal arteries of young 
subjects, and only develop there in abnormal states. In older subjects, however, the finding of 
two, or sometimes even three, internal elastic layers in the muscular arteries of an otherwise normal 
kidney, and in the absence of hypertension, is so common as to be accepted as a natural finding 
(Fig. 2). Such limited intimal reaction is never so intense as to trespass on the arterial lumen 
enough to diminish significantly its usual bore. In older subjects too, the larger arteries occasionally 
show local plaques of atherosclerosis. 


THE RENAL ARTERIES IN SYSTEMIC HYPERTENSION 


Renal Arteriography. No method is available so far that will accurately portray during life 
the architecture of the renal arteriolar system. A radio-opaque substance, introduced either by a 
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TABLE ! 
RENAL EXCRETION TESTS I): 






































Dye IN RIGHT KIDNEY 
After After After After 
Case 2 minutes 5 minutes 8 minutes 20 minutes 
No. — SS — 
Amount Place | Amount Place Amount | Place Amount Place 
1 0 ee +|c + | CPU + | CPU 
2 + K | 0 — 0 oe 0 — 
3 + KC ++ KC ++ KCP ++ KCPU 
4 ++ KCPU ++ KCPU ++ | KCPU ++ KCPU 
5 + | KC + KP ++ | KCP ++ KCPU 
6 ++ KCPU ++ | KCPU ++ | KCPU ++ KCPU 
7 + KC + KCU + KU + K 
8 ++ KC +++ KCP +++ KCPU +++ KCPU 
9 +++ KCPU | +++ KCPU +++ KCPU ++ KCP 
10 + KC ++ KCPU +++ | KCPU + KCPU 
11 ++ KCPU | +++ KCPU + KCPU ++ KCPU 
12 7 KC | 7 KCP | + | KCP + KCP 
13 + K + KC + | Keg + KC 
14 ++ KCU | ++ KCP ++ | KCPU + KCU 
15 + | K | + | KC + | KC + | KC 
16 + KCP ++ KCPU ++ | KCPU | +44 KCPU 
17 oa KC | ++ KCPU ++ | KCPU | +++ KCPU 
18 + KCPU +++ KCPU +++ | KCPU_ | + KCPU 
19 ++ KCP ++ KCPU +++ KCPU ++ KCPU 
20 KCP + KCP + | KCP - KCP 
21 + | KCPU ++ | KCPU | ++: KCPU_ | ++ KCPU 
22 + KC + | KCP | ++ | KCPU + KCPU 











O=none. + = small amount. +-+ = moderate amount. +-+-+ = large amount. 


translumbar aortic puncture or through a femoral arterial catheter or by selective’ renal arterio- 
graphy where the tip of the catheter is guided into the renal artery under radiological visualization, 
has given information about renal and extrarenal lesions (Murray and Tresidder, 1957; Gregg et al., 
1957). Such tests, however, are often difficult to carry out, involve distinct risks, and in the mean- 
time yield scanty information about the state of the small renal arteries. 

Intravenous excretion urography is similarly inadequate for this purpose. In the belief, how- 
ever, that limited information might be gleaned about the relative efficiency of the renal circulation 
on the two sides, the investigation was carried out in 22 consecutive patients with hypertension, 


each with left ventricular preponderance in the electrocardiogram and with varying evidence of 


left ventricular hypertrophy on cardioscopy. Following the intravenous injection of uroselectan 
radiograms of the kidneys and ureters were taken at intervals of 2, 5, 8, and 20 minutes. No delay 
in dye excretion was evident in 10 patients. Among the remaining 12, the delay was confined tc 
one side in three and on both sides unequally in nine. The actual rate of excretion in the series i: 
shown in Table I. 


Kidneys Removed from Patients with Hypertension 


The results of the dye excretion tests were conveyed to the three patients where a delay wa: 
appreciable on one side (Cases 1, 2, and 3), and when nephrectomy was proposed, it was explainec 
that the procedure was unlikely to prove curative, and that it might not even ameliorate their ligh: 
symptoms; all three consented to the operation and nephrectomy was accordingly carried out 
The fact that each patient insisted that improvement followed the operation was not held to give 
proof that material benefit had taken place, but certainly no deterioration was noticed during 12 
months when they remained under close observation subsequent to nephrectomy. Early in the 
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°2 PATIENTS WITH SYSTEMIC HYPERTENSION 





Dye IN Lert KIDNEY 











After | After After 




















After 
Case 2 minutes 5 minutes 8 minutes 20 minutes 
No. -~———|— 
Amount Place Amount Place | Amount Place | Amount | Place 
1 + | K | + | KC | + | we | + | KCPU 
2 - K a KCP | - KCP + | KCPU 
3 + | K + K | a KC | + | KCP 
4 ++ | kKcPU | ++ | KCPU | ++ KCPU ae KCPU 
5 ++ KCPU | ++ | KCPU ++ KCPU | + | CP 
6 ++ | KCPU | ++ | KCPU | ++ KCPU | ++ | KCPU 
7 + | KC a KCPU | ++ KP + | K 
8 ++ | Be | +++ Kcr | +44 KCPU | +++ | KCPU 
9 +++ | KCPU | +++ KCPU +++ | KCPU | ++ | KCPU 
10 + KC ae KCPU +++ | KCPU ++ | KCPU 
11 + | KCPU | +++ KCPU ++ | KCPU ++ | KCPU 
12 + | KCP | + KCP | ++ KCP | + | KCP 
13 + | K KC KCU | + | KC 
14 fe + Cc | + cP | +|c 
15 + K | + KC | + | « | + | Ke 
16 + KCPU | ++ KCPU | + | PU + CU 
17 . 7 — | Oo — z= - ae = 
18 + KCU | +++ KCPU | +++ | KCPU + | KC 
19 ++ KCP a KCPU +++ | KCPU ++ | KCPU 
20 + | K - KCP | + | KC + | ‘KCP 
21 + KCP | + KCP | + | KCP + KPU 
22 + | KC | + KCPU | ++ | KCPU + | KCPU 
| 








K=body of kidney. C=calyx of kidney. P=pelvis of kidney. U=ureter. 


Second World War all three patients left their homes for rural districts and their eventual progress 
could not be traced. For that reason too, the opportunity to examine the remaining kidney should 
they have died, as was expected, from the effects of hypertension which had persisted in each 
patient following the operation, did not materialize. The immediate post-operative progress of 
the three patients was described at a meeting of the British Cardiac Society in May 1940, but the 
account of the meeting was not published.* 

A brief summary of each of the three cases will now be given, which will include an account 
of the changes in the blood pressure following nephrectomy, and in the arteries of the extirpated 
kidney. 


Case 1. A. C., a woman, aged 63, had been subject to headache for many years, as well as shortness 
or breath on exertion, and chest pain that was not characteristic of cardiac pain. On account of these 
symptoms she was unable to walk more than 200 yards without resting. The blood pressure was 210/130 
when first examined. The peripheral arteries and the retinal arterioles were contracted, the left ventricle 
was enlarged, and the cardiogram showed left ventricular preponderance. There was neither papilloedema 
nor albuminuria, and the blood urea was normal. There was no pulmonary congestion when examined 
by cardioscopy. Faulty excretion appeared in the right kidney on two occasions following intravenous 
uroselectan (see Table I). 

The changes in the blood pressure that followed nephrectomy are shown in Fig. 3. It fell immediately 
after the operation, but commenced to rise some days later, and it regained its pre-operative level a little 
over a month after nephrectomy. Her general condition improved, and had not again deteriorated a year 
later when she was instructed to leave the district because of the partial evacuation of civilians during the 
war. 

The Renal Arteries. The larger arteries were normal having an intima composed of one elastic layer 
as a rule, or of two layers in places. The lumen of the smaller arteries was partially, and sometimes severely, 


* The Secretary of the Cardiac Society entered in the Minute Book that the proceedings of the meeting had 
not been recorded owing to the invasion of Holland and Belgium by the Germans on the following morning. 
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by intimal! proliferation. 


elastoid proliferation greatly restricting arterial lumen. 
Media almost entirely absent. 


Fic. 3.—Blood pressure readings in Case 1. Arrow indicates the time of 
removal of right kidney. 


reduced by intimal elastoid proliferation that lay adjacent to the media which showed either hypoplasia or 
aplasia (Fig. 4). There was contraction of these smaller muscular arteries, and the arterioles were narrowed 


Case 2. L.H., a woman, aged 60, had complained of tiredness, headache, breathlessness on exertion. 
mistiness of vision, and sleeplessness for over three years. The blood pressure when first examined was 
280/150; for over a year it was recorded at weekly intervals, when innocent medicinal remedies were pre- 


Fic. 4.—Renal artery (140 diam.) from Case 1. Intimal Fic. 5.—Renal artery (170 diam.) in Case 2. Intir1al 
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scribed, or when periods of rest were tried. At no time was there any appreciable change in the readings. 


The peripheral arteries and retinal arterioles were contracted. There was no papilloeedema. The left 


ventricle was enlarged, but there was no pulmonary congestion at cardioscopy. The cardiogram showed 


ft ventricular preponderance. There was no albuminuria and the blood urea was normal. Excretion 


sth kidneys, but was more noticeable on the right side; the same result was obtained when the test was 
peated (Table I). 
There was a sudden fall in the blood pressure to normal values following a right-sided nephrectomy, 


| 
vrography was carried out following an intravenous injection of uroselectan. A slight delay occurred in 
t 
I 


tut on the tenth day it commenced to rise, and after another 16 days it had regained its customary 


gh reading (Fig. 6). Her progress during the next year was uneventful, and she was moderately free from 


| 2r pre-operative symptoms until her evacuation to a rural district because of the war. 
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Fic. 6.—Blood pressure readings in Case 2. Arrow indicates removal of right kidney. 


The Renal Arteries. There was much intimal elastoid proliferation in the larger renal arteries, whose 
media for the most part was intact. The smaller arteries were the seat of severe elastoid proliferation which 
had greatly reduced the bore of the vessels. Such proliferation lay adjacent to areas of hypoplasia, and 
sometimes aplasia, of the media (Fig. 5). Collateral vessels were sometimes patent, but more often they 
were partly or wholly filled with elastoid tissue. The muscular arteries were contracted. Intimal pro- 
liferation had partly or wholly closed numerous arterioles. 

Case 3. A. O., a man, aged 56, had remained well except for two attacks of pain in his side, until four 
months before, when he complained of giddiness. His blood pressure was 205/140. The peripheral 
arteries and retinal arterioles were contracted. The left ventricle when viewed at cardioscopy was enlarged, 
but there was no pulmonary congestion. The cardiogram showed left ventricular preponderance. There 
was neither albuminuria nor papilleedema, and the blood urea was normal. An intravenous pyelogram 
showed a delay in the excretion of uroselectan on the left side (Table I). 

No material change in the blood pressure followed left-sided nephrectomy, except that the diastolic 
reading was a little lower (Fig. 7). The patient’s progress during a year after the operation was un- 
eventful, and he had remained well up to the time of his compulsory evacuation from the district owing to 
the war. 

The Renal Arteries. Much intimal elastoid proliferation was present in the larger arteries; and especially 
in places adjacent to medial deficiencies. In the smaller arteries, intimal elastoid proliferation had either 
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Fic. 8.—{A) Severe intimal elastoid and fibroid pro- 

liferation almost wholly occluding renal artery (170u 
diam.). (B) Organizing thrombotic occlusion of 
arteriole (60u diam.). Case 3. 


Fic. 7.—Blood pressure readings in Case 3. 
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partly or wholly closed the vessels, and was associated with either hypoplasia or aplasia of the media. The 
nuscular arteries were contracted, and the arterioles were often severely affected by intimal proliferation 
(Fig. 8). 


The Renal Arteries in Reversible Hypertension. Ina patient (Case 23) where the blood pressure 
vas sometimes exceptionally high, there was no enlargement of the left ventricle nor frank cardio- 
sraphic signs of left ventricular preponderance. Moreover, the peripheral arteries and the retinal 
rterioles were only slightly contracted. Excretion urography demonstrated a serious fault in one 
cidney only, and it was felt that success might attend nephrectomy in this instance. The clinical 
iistory and the progress of this patient are now to be described. 


Case 23. A.R., a woman, aged 45 years, had complained of severe headache, tiredness, and shortness 
f breath, for over 15 years. During the previous nine years her family doctor had found her blood pressure 
o vary from 280/140 to 300/150, and had confined her to bed on several occasions because of severe head- 
che. In hospital the blood pressure remained consistently high, but other cardiovascular derangement 
vas absent. Intravenous and retrograde pyelography discovered renal ptosis and hydronephrosis on the 
ight side, and when the right kidney was removed, a sharp kink was found at the junction between the 
enal pelvis and the ureter, and a number of cysts were present in the kidney substance. 

The blood pressure fell immediately after the operation, and it never returned subsequently to its pre- 
‘ious high level (Fig. 10). Her symptoms also disappeared, and she maintained that she had not felt so 
vell for ten years. 

The Renal Arteries. Some of the large arteries were normal, and their intima consisted of either one, 
yr at the most two, elastic layers; others showed plaques of atheroma, especially over occasional medial 
jefects. Intimal elastoid proliferation and arterial contracture had greatly occluded the bore of the lesser 
nuscular arteries, whose media was almost everywhere intact (Fig. 11). The significance of this finding, 
1amely intimal proliferation in the absence of medial hypoplasia, will be discussed in the section dealing 
with pathogenesis. 


Kidneys from Necropsies of Subjects with Systemic Hypertension 


In 13 consecutive patients with hypertension whom I had examined during life and found to 
have contracted peripheral arteries and retinal arterioles, left ventricular preponderance in the 
cardiogram, and left ventricular enlargement on radiological examination, the kidney was examined 
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. 10.—Blood pressure readings in Case 23. Arrow indicates the time 
of removal of the right kidney. 
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Fic. 11.—Three renal arteries (A: 4304 diameter. B: 140u diameter. C: 85 diameter) in Case 23. Moderate 
intimal elastoid or fibroid proliferation which plays a lesser part in occluding the lumen than does the consider- 
able contracture of the vessel; thus, in (C) a muscular artery has contracted in size to that of a small arteriole. 
Nowhere is there hypoplasia of the media. 


histologically following necropsy. Papilleedema had been a terminal finding in three patients, 
and a constant finding in four. Sometimes renal arteriography was carried out before histological 
examination. 

Renal Arteriography. Whenever the kidney was injected with a radio-opaque solution, it gave 
the same appearance as in pulmonary arteriography in the case of pulmonary hypertension. Thus, 
a number of renal arterioles and lesser arteries were missing from the arteriogram, giving it a denuded 
appearance when compared with the normal picture. Moreover, magnification of the arteriogram 
showed tortuosity of the arcuate vessels and of the finer terminal twigs in the renal cortex. These 
findings contrasted with the pattern obtained in healthy specimens where the finer vessels assume 
a straight course (Fig. 1 and 9). Hodson (1957) has described the same changes and he pointed 
out that narrowing of the true renal cortex naturally diminishes the distance between the zone 
that contains the arcuate vessels and the surface of the kidney. 

Whenever the renal arteriogram was abnormal in the way described, subsequent histological 
examination discovered partial or complete obliteration of many of the lesser renal arteries and 
arterioles by intimal proliferation. . 

Histology. In each of 16 cases of systemic hypertension, 13 examined consecutively at necropsy 
and 3 where a kidney was removed during life, the histological appearances of the renal arteries were 
identical. Thus, the smaller muscular arteries were severely affected by intimal, usually elastoid, 
proliferation, which had always greatly diminished the lumen of the vessels and had sometimes 
occluded them. Such vessels showed either hypoplasia of the media producing local deficiencies in 
the wall, or generalized aplasia when no remnant of the media remained (Fig. 4, 5, 8, and 12). The 
arterioles were also narrowed and frequently occluded by intimal proliferation, which was often 
elastoid by nature, but was sometimes fibrotic when it was indistinguishable from organizing 
thrombus (Fig. 8 and 13). These changes are discussed later in relation to the part that they may 
play in the pathogenesis of systemic hypertension. 

The Extrarenal Arteries in Systemic Hypertension. The small arteries of the pancreas, liver, 
gastro-intestinal tract, and spleen were examined histologically in cases of hypertension by Morlock 
(1939), who measured the thickness of the wall and the diameter of the lumen in each instance. 
He compared these measurements with those he obtained from normal specimens. In the normal, 
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Fic. 12.—Renal arteries in four cases of systemic hypertension. (A: Case 33. 400u diam. B: Case 28, 280. 
diam. C: Case 32, 350u diam. D: Case 30, 220% diam.). Varying degree of occlusion resulting from 
intimal elastoid and fibroid proliferation. Hypoplasia and aplasia of large segments of media in all of them. 


the wall to lumen ratio was approximately | to 2 in the different organs with the exception of the 
spleen where the measurements varied. In severe hypertension, the arteries to the pancreas, liver 
and intestines, showed a wall to lumen ratio of approximately 1 to 1. The smaller coronary 
arteries were similarly affected, but to a lesser extent. Morlock considered that the alteration in 
arterial structure was due to hyperplasia with subsequent fibrosis and degeneration of the media 
and intima, and wondered whether it was a primary change and had caused the hypertension 
from an increase in the peripheral re:is:ance. Johnson (1868) ascribed these changes to hyper- 
plasia and hypertrophy of the muscular elements of the media, and considered that they were the 
outcome of increased work secondary to hypertension. Gull and Sutton (1872) in their classical 
paper described the changes as hyaline and fibroid degeneration of the media. 

The extrarenal arteries were also examined histologically, and sometimes by arteriography, in 
the cases of hypertension examined at necropsy in this series. The most constant and character- 
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Fic. 13.—Intimal fibroid proliferation of arterioles in three cases of systemic hypertension, causing complete 
vascular occlusion. (A: renal arteriole from Case 24. 95 diameter. B: renal arteriole from Case 33. 
85 diameter. C and D: retinal and renal arteriole respectively from Case 26. 50. and 100. diameter). 


istic finding was arterial contraction as described by Evans and Short (1957 and 1958) in the pul- 
monary arteries of patients with pulmonary hypertension. This appearance, which was specially 
noticeable in renal, intestinal, and pancreatic arteries (Fig. 14), gave the false impression of medial 
hypertrophy, for in spite of their small size, having an external diameter of less than 100 and in 
this particular resembling arterioles, they possessed a media bounded by an external and internal 
elastic layer, and this confirmed that they were muscular arteries that had contracted into the 
smaller size. Later, Short (1958), studying the arterial bed of the small intestine by post-mortem 
arteriography in control cases and in patients with systemic hypertension, again concluded that 
such narrowing was organic and not functional in its inception. 

Allusion has already been made to the tortuosity of the lesser renal arteries in systemic hyper- 
tension. When this was sought in extra-renal arteries, and when the coronary circulation was 
selected for this purpose, it did not prove to be a constant finding. Tortuosity of the coronary 
arteries appeared to be partly related to the degree of myocardial hypertrophy affecting that portion 
of the heart supplied by the arteries showing this change (Fig. 15). 











FIG 








ete 
33. 
er). 


» pul- 
cially 
1edial 
nd in 
fernal 
o the 
yrtem 
| that 


yper- 
1 was 
onary 
yrtion 





THE AETIOLOGY OF SYSTEMIC HYPERTENSION 


Fic. 14.—Contracted arteries from the duodenum (A: 40 diam.) and the liver 
(B: 75u diam.) in Case 28 with systemic hypertension. In spite of their 
small size the presence of media identifies them as muscular arteries. 





Fic. 15.—Tortuosity of the coronary arteries in the hypertrophied right ventricle in emphysema (A), and in the 
hypertrophied left ventricle in aortic regurgitation (C), compared with normal coronary arteries from a subject 
of comparable age (B). 
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THE PATHOGENESIS OF SYSTEMIC HYPERTENSION 


Although the cause of systemic hypertension has evaded the assiduous researches of so man: 
scientific workers, their exertion has seldom been in vain, for through observation or experimen 
they have contributed to our knowledge of the usual course of the illness, and so indirectly to it 
cause. Indeed, since the introduction of the sphygmomanometer, many reasons for a raisec 
blood pressure have been uncovered, e.g. coarctation of the aorta, pheochromocytoma, and pituitar: 
basophilism. It is the common form of hypertension, usually insidious in its presentation bu 
sometimes appearing more abruptly as its malignant or papilleedemic kind, that still eludes an ex 
planation of its etiology that will gain common acceptance. 

Before proposing for systemic hypertension a cause based on changes found during histologica 
examination of the renal arteries, it is expedient to mention first the researches, both in the experi 
mental animal and in man, that have helped to a better understanding of the mechanism whereby 
the blood pressure is both significantly raised and maintained. 


Clinical Observations 

Separation of Clinical Types. Clinical research has done much in the elucidation of distinc: 
entities where the lesion causing hypertension in man has been indisputably identified. Among 
these may be included coarctation of the aorta, pituitary basophilism, adrenal neoplasm, and 
certain forms of one-sided renal disease. It has been natural to apply the lessons gathered from 
a study of these separate clinical states in the search of an explanation of the causative lesion in 
systemic hypertension, and uppermost among them have been the part that an endocrine disorder 
or renal ischemia can play in its etiology. 

Hypertonia Distinct from Hypertension. A hindrance to the discovery of the cause of systemic 
hypertension has been an over-reliance on the blood pressuré reading in the diagnosis of hyper- 
tension. It has been shown (Evans, 1957) that a blood pressure, even when raised to impressive 
heights, can be an innocent affair provided it is fugitive and unaccompanied by specific signs indi- 
cating cardio-arterial derangement. In the future any search for the cause of hypertension in 
man should recognize this physiological elevation of the blood pressure and be directed exclusively 
to instances of true hypertension. The same care is needed in the analysis of pathological findings, 
whether collected by biopsy or at necropsy; such examination should take place unclouded by 
the mere knowledge that the blood pressure was raised during life, but relying solely on criteria 
that permit an unequivocal diagnosis of systemic hypertension. 

Lessons from Therapeutic Measures. Special diets, vasodilators, sex hormones, and potassium 
thiocyanate, have all had their advocates as potent remedies in hypertension, but when these were 
tried in a series of patients, their hypotensive effects proved to be no greater than a placebo (Evans 
and Loughnan, 1939). Similarly, anti-renin substances have failed. Adrenalectomy and sympa- 
thectomy have had their adherents as beneficial measures, but they have been mostly abandoned 
Ganglion-blocking agents are now the vogue but, in my view they too are unable to halt the disease 
process, or to benefit materially a patient with systemic hypertension where the significantly raised 
blood pressure keeps company with cardio-arterial derangement. 

Probably in no other disease have so many remedies been tried as in hypertension. Hopes of 
a cure have waxed and waned. So often the physician has introduced a drug with great enthusiasm 
and later discarded it to turn with equal zeal to exalt the curative properties of some other potion. 
These excursions into therapeusis have not been in vain, provided they convince that the premise 
on which the use of an alleged remedy was suggested has been proved false, and have served to 
turn our minds to the underlying pathological changes that are at the root of systemic hypertension, 
changes that are both progressive and irreversible. 

Hereditary Factor. Valuable information has been collected by several workers who have 
sought a family history of hypertension in patients suffering from the disease. This task is not 
an easy one, because as Platt (1947) has pointed out, a study of heredity in hypertension presents 
a difficulty common to all problems concerned with human genetics, namely that of studying some 








three 
mide 
Mor 
evide 
firme 
these 
oh 
#10) 


o h 
hid 
h /pe 
i la 
¢ 1ild 
tief 
f. pr 
t Lost 
s ibji 
3) fe 
tie 1 
[Tov 
cf e 
of hy 
a Co 
toge 
with 
cong 


whe 
ore 
esse} 
of e: 
conf 
rena 
hype 
rena 
an i 
diab 


sclet 
entit 
was 
prol 
som 
a he 
gate 


isa 
as if 
the 

secu 





nan: 
nen 
O it 
1isec 
itar 
bu 
1 eX 


gica 
peri 
reby 


tinc 
1ong 
anc 
from 
mn in 
rder 


emic 
/per- 
ssive 
indi- 
n in 
ively 
ings, 
d by 
teria 


sium 
were 
vans 
npa- 
ned 
sease 
1ised 


es of 
iasm 
tion. 
mise 
d to 
sion, 


have 
; not 
sents 
some 








THE AETIOLOGY OF SYSTEMIC HYPERTENSION 31 


three generations simultaneously. Thus, in hypertension, the disease does not appear before 
middle-life, when the affected parent is dead and the offspring are as yet too young to contract it. 
Moreover, the statement by a patient that a parent had “thigh blood pressure” is unacceptable 
evidence of hypertension, unless the illness has been punctuated by a “‘stroke”’ or has been con- 
firmed by unequivocal physical signs recorded by the family doctor or in hospital. In spite of 
these difficulties the assiduity of those investigators who have sought diligently the family history 
0° hypertension in their patients has placed beyond doubt the view that heredity plays a part in its 
« ‘iology. 

Weitz (1923) found that in 63 of 82 patients with hypertension one or both parents had died 
0 heart disease, angina, dropsy, or stroke. It cannot be assumed, however, that all such deaths 
hid in fact been the outcome of hypertension. Ayman (1936) stated that the children of two 
h pertensive parents had a high blood pressure and a 47 per cent chance of developing hypertension 
it later life, but that when both parents had a normal blood pressure, the blood pressure in the 
c iildren was lower and their chance of hypertension was only 3 per cent. Hines (1937) studied 
t .e family history of 608 subjects with a normal blood pressure, and 267 with essential hypertension. 
f positive family history of hypertensive cardiovascular disease was five times as frequent among 
t ose who had hypertension or who were hyper-reactors to a standard stimulus test, than among 
s ibjects who reacted normally to the test. In a study of 10 pairs of twins and 256 members of 
2) families with raised or normal blood pressure, he found that the type of blood pressure reaction to 
tie test followed an inherited pattern of a dominant character. He concluded that his findings 
provided strong evidence that the hereditary factor plays an important role in the development 
cf essential hypertension. Schroeder and Steele (1941), discussing renal disease in the etiology 
cf hypertension, opined that two separate factors were operating, one a renal lesion and the other 
a constitutional one, and that although singly each might not give rise to hypertension, acting 
together they might do so. In that 64 per cent of their 250 cases were descendants of patients 
with hypertension, they considered that the constitutional factor was primary, and hereditary or 
congenital, and was dependent on a specific internal derangement of the kidneys. 

In 1947 Platt analyzed the records of 116 cases of hypertension with a view to determining 
whether the ones without a family history were those in whom hypertension was not of the primary 
or essential kind. The evidence that he collected agreed with the hypothesis that the so-called 
essential hypertension was a hereditary disease conveyed as a Mendelian dominant with a rate 
of expression of more than 90 per cent. The great majority of cases of hypertension that did not 
conform to this rule were not instances of essential hypertension, but were secondary to some 
renal or other cause. He was not prepared to say whether the inherited factor was specific for 
hypertension or was a tendency to arterial or arteriolar change affecting in some instances the 
renal vessels. Perera (1956) also stated that it was tempting to think that a group of people had 
an inherited susceptibility to vascular derangement as the result of a metabolic abnormality, as in 
diabetes or gout, so that primary hypertension appeared to be a genetic disorder. 

Sobye (1956), from an investigation of 220 families with essential hypertension and nephro- 
sclerosis and of 2800 healthy subjects, concluded that the two conditions represented a genetic 
entity, that the inheritance was dominant in kind, and that the morbid risk in the average population 
was 30 to 40 per cent. Harvald and Hauge (1956), investigating twins and other families by the 
proband method, found that when this was applied to 36 patients with hypertension, there was 
some preponderance of concordance among uni-ovular pairs of twins. Although this suggested 
a hereditary basis for hypertension, they emphasized that the small number of cases they investi- 
gated did not permit of a firm conclusion being drawn. 

Evidence of Atavism. It has been accepted that polythelia or the presence of accessory nipples, 
is a manifestation of atavism (Darwin, 1888). The exhibition of atavism in any patient, indicating 
as it does a departure from the accepted normal for ancestral or more primitive tissue, supports 
the presence of an inherent tissue weakness or fault. When polythelia was sought in 2000 con- 
secutive cases that presented for examination with suspected symptoms or signs of a cardiovascular 
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disorder, 1059 were judged to be healthy, and 49 of these showed polythelia, an incidence of 5 per 
cent. Of the remaining cases that showed some kind of cardiovascular disease, 108 had a blooi 
pressure of 200/100 or over; 66 of these were patients with true hypertension, who showed cardic - 
arterial changes including left ventricular preponderance in the cardiogram, while the remaining 
42 were examples of the innocent condition of hypertonia, in which the blood pressure, althoug1 
impressively high, was not associated with any cardio-arterial abnormality. Polythelia was presert 
in 23 or 35 per cent of the patients with systemic hypertension and in only 2 or 5 per cent of th: 
subjects with hypertonia (Evans, 1959a). Since this publication the series has been enlarged s> 
that among 110 cases of systemic hypertension there were 42 (39°) with polythelia, compare | 
with 5 (or 7%) among 70 cases of hypertonia. This striking finding is accepted as giving suppoit 
to the view that a hereditary predisposition is present in systemic hypertension. 


Experimental Evidence 


The Réle of the Splanchnic Circulation. Early on, physiologists demonstrated a rise in blood 
pressure following constriction of the splanchnic vessels, and this gave rise for a time to the belief 
that an increased vascular tone in this area was the cause of hypertension in man. A lowering of 
the blood pressure, following dorso-lumbar sympathectomy, appeared to support this view, althougin 
the hypotensive effect of such a procedure could be the result of removal of the mechanism that 
normally adjusts the natural variation in the blood pressure. It has been found that total sympa- 
thectomy in the experimental animal can neither prevent nor relieve hypertension. The belief 
that hypertension might be caused by increased peripheral resistance limited to the splanchnic 
vessels was also disputed by Prinzmetal and Wilson (1936) who recorded the resting blood flow 
in the arm in various types of hypertension, and found that it-was no greater than in subjects with 
a normal blood pressure, and that it could be increased to the same extent by heat, reactive 
hyperemia, and blocking of the vaso-motor nerves to the arm by novocaine. They concluded 
that the increased vascular resistance in the different kinds of hypertension was not confined to 
the splanchnic area, but existed throughout the systemic circulation, so that sympathectomy which 
aimed at the relief of high blood pressure would not abolish the increased vascular tone that was 
responsible for it. 

The Réle of Renal Ischemia. Outstanding among the researches into the cause of hypertension 
has been the work of Goldblatt et a/. (1934) who produced sustained hypertension in the dog by 
constricting the renal arteries. In 1939 Wilson and Byrom produced hypertension in the rat by 
constricting one renal artery without disturbing the other kidney. Later (1939) they demonstrated 
that although removal of the ischemic kidney sometimes restored the blood pressure to normal, 
it did not have the same hypotensive effect if the hypertension had been severe: they attributed 
this failure to vascular damage that the hypertension had wrought in the opposite kidney. Picker- 
ing (1945) demonstrated two phases in the establishment of experimental renal hypertension: he 
found that after removal of a single clipped kidney the blood pressure returned to normal in rabbits 
with hypertension of one week’s duration, but that there was no fall in blood pressure in rabbits 
with hypertension of eight weeks’ duration. Floyer (1957), by way of explaining these results, 
postulated that one function of a normal kidney is to maintain normal blood pressure, and tha 
this function was lost in the later phase of hypertension: restoration of normal circulation to th: 
kidney restores this function and the kidney brings the blood pressure back to normal. Thi: 
hypothesis assumes the existence of some mechanism outside the kidney that tends to raise bloo 
pressure but is normally held in check by the kidney, and he named this the “‘extrarenal presso 
mechanism’’. 

The mechanism by which renal ischemia produces sustained hypertension is still inconclusive 
although in the form that immediately follows constriction of the renal artery in the experimenta 
animal, the stages in the process have been propounded. It was Tigerstedt and Bergmann (1898: 
who first provided the clue when they extracted a substance that they named renin from thx: 
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renal cortex in the rabbit. Houssay and Fasciolo (1937) and Page (1938) discovered independently 
that renin is not itself a pressor substance, but that in combination with a pseudoglobulin in blood 
plasma, which they named renin activator, hypertension precursor, or hypertensinogen, it produces 
a dialyzable vascular constrictor agent, angiotonin or hypertensin. 

The Réle of the Adrenal Bodies. Goldblatt (1937) and Blalock and Levy (1937) showed that 
e: perimental hypertension that followed renal ischemia could be annulled by removing both 
a renal bodies, and Page (1938) found that hypertension could be reinstated in such animals by 
ti ating them with salt and adrenal cortical extract. Similarly, the synthetic adreno-cortical steroid, 
d oxycorticosterone, will maintain renal hypertension in animals deprived of their adrenal bodies 
(‘irollman et al., 1940). These observations were confirmed by Floyer (1951) and Ledingham 
(951). That these experimental findings provide no rational basis for adrenalectomy in the 
ti 2atment of human hypertension was emphasized by Wilson (1955), because in order to keep alive 
a patient in whom the adrenal bodies have been removed, substitution therapy with adrenocortico 
s: Its is necessary and this restores, in part at least, the normal adrenal function and the pre-operative 
h /pertension. 


Pathological Evidence 


Renal Biopsy. To obtain a sample of renal tissue by introduction of a special needle into 
tie kidney from the back requires skill and involves certain risks, but it has often been carried 
cut. Ross and Ross (1957) considered that the claims made for it as a diagnostic procedure, 
vere over-rated, and that its usefulness as a guide to prognosis and treatment had not been well 
substantiated. Certainly, in the investigation of the renal circulation it has limited value because 
cf the small size of the sample obtained. Thoraco-lumbar sympathectomy, once popular in the 
t-eatment of hypertension, afforded an opportunity to examine kidney tissue in patients with this 
cisease. Castleman and Smithwick (1948) found minimal or absent pathological changes in 25 
out of 100 such cases. The interpretation of this finding, however, requires caution for two reasons, 
First, the amount of renal cortex resected for examination by this procedure, namely 6 x 5x4 mm., 
is too small to be acceptable as a means of assessing the state of the general renal vasculature. 
Secondly, the criteria governing the diagnosis of hypertension were not rigidly cast in many of the 
cases. Indeed, the reported results support the justice of this criticism because a clear association 
was found between the severity of the renal vascular changes and the extent to which the retine 
were affected. It would be unwise, therefore, to regard their findings as indicating that hyper- 
tension in man may exist in the absence of renal changes. 

State of the Renal Arteries. Inevery case of systemic hypertension in the present series examined 
at necropsy, the lesser renal arteries showed the same significant change, namely intimal prolifera- 
tion, which had either occluded the vessels or had materially narrowed their bore to cause renal 
ischemia; the nature of this reactive tissue was often elastoid. These changes were not confined 
to patients who had died of the disease, but were present in the three cases (Cases 1, 2, and 3) 
where one kidney was removed early in the illness when symptoms were of a light character. 

Another invariable histological finding was a deficiency in the walls of the renal arteries so 
affected by intimal proliferation. This deficiency, or medial hypoplasia, often amounted to aplasia, 
so that in places, actual absence of the media allowed the inner and outer elastic layers to coalesce, 
when the vessel appeared more like an arteriole than a muscular artery, except for its greater size. 


SIGNIFICANCE OF THE RENAL ARTERIAL CHANGES 


Relation of Intimal Proliferation to Hypertension. The thickening that affects small arteries 
and arterioles in hypertension has been variously designated. Thus, Johnson (1868) referred to 
it as hyperplasia and hypertrophy of the muscular elements of the media. Gull and Sutton (1872) 
considered that it was predominantly a hyaline fibroid degeneration. Moritz and Oldt (1937) 
D 
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regarded it as hypertrophy of the media with hyperplasia of the endothelium, while Morloc< T 
(1939) also described it as an increase in the muscular elements of the media with hyperplasia of th: c: id- 
endothelium. p od 

Since histological examination of the renal arterio-arteriolar vessels in systemic hypertension Tie 
has shown invariably that the newer tissue that occludes the vessel forms in connexion with th: [Fn pb 
intima, the term intimal proliferation is preferred here. When hypertension ensues following sucii e: 2a] 
occlusive lesions, both renal and extra-renal arteries exhibit contracture, and it is this effect that ff I 
gives to the media the appearance of being hypertrophied. | d fic 

That intimal proliferation precedes the hypertension, rather than succeeds it, gains support fb’ i 
from a study of obstruction of the pulmonary circulation by certain unusual pathological states. li er: 
Thus, when the pulmonary arterial pressure was raised to considerable proportions by obstruction [fF [: is 
from strangulation of the pulmonary veins by a granuloma in one patient, and by a myxoma of f— tie! 
the left atrium in two others, no occlusive intimal proliferation had taken place in the small pul- ii tir 


monary arteries in any of the three cases when they were examined at necropsy (Evans, 19595). S 
That arteriolar changes in essential hypertension are most prominent in the kidney has been V 
known for some time (Fahr, 1922; Fishberg, 1925; Russell, 1929), but the controversy whether [ es 
such changes are primary and the cause of systemic hypertension or secondary and a sequel to I 

t 





hypertension has ranged through many years. Fishberg held that anatomical changes in the at 
kidney could not be reconciled with the theory that essential hypertension was due to a disorder c Te 
of renal function. Volhard (1935) stated that although the malignant type of hypertension was f ° 
renal in origin, he refused to accept the proposition that the benign phase of essential hypertension pati 
was of renal origin. Bell (1951) maintained that primary hypertension and renal arteriosclerosis t ssi 
arose independently although they intensified each other, and that the basic disturbance in primary tens 
hypertension was a spastic state of the arterioles and not an organic alteration. Smith (1956) 
also considered that renal hyaline arteriolosclerosis was increased by essential hypertension, but dise 
was not its cause. Johnson as long ago as 1873 proposed the theory that renal disease was the He 
primary condition inducing subsequent diffuse thickening of the walls of the smallest arteries — tura 
which produced increased peripheral resistance, elevation of the blood pressure, and cardiac hyper- to t 
trophy. Goldblatt (1951) has given a clear exposition of the subject: he said that although it was dete 
generally recognized that vascular disease of the kidneys leads to nephrosclerosis so commonly Smi 
met with in benign hypertension, yet despite all the work that had been done on the subject it was to t 
still not firmly established whether the hypertension or the renal vascular disease came first. The ast 
main reason for this difficulty was that in benign essential hypertension, by definition, the hyper- and 


tension was unassociated with any impairment of the renal excretory function detectable by clinical 
laboratory methods. This was interpreted by some to mean that the hypertension preceded by 
some time the development of organic vascular disease in the kidney. Although this was difficult 
to disprove, Goldblatt believed that the renal vascular disease precedes the establishment of the 


fixed hypertension associated with it. clo: 
The findings of the present investigation fully justify the opinion of Goldblatt that the initia! occ 
changes in systemic hypertension reside in the kidney. Views to the contrary have sometime: 
presumed that because no clinical evidence of renal abnormality had been apparent in patient; pre 
who died from hypertension, the associated renal arterial changes must have been secondary tv thre 
the hypertension, and a late manifestation in the course of the disease. The findings in Cases 1, anc 
2, and 3 oppose this assumption because the characteristic arterial changes were found in th: anc 
extirpated kidney in each of the three patients with systemic hypertension in whom clinical anc anc 
laboratory investigation had failed to find any evidence of renal disease. Moreover, the furthe- 
criticism that in cases of alleged systemic hypertension, renal tissue removed either at biopsy o° anc 
necropsy has not always shown arterial changes, may be met on two grounds, either that the speci tha 
men retrieved at biopsy has been inadequate, or that the raised blood pressure was a manifestatio1 
of innocent hypertonia, and not of systemic hypertension with its characteristic cardio-arteria wh 


changes, while death, if it had taken place, had resulted from some other cause. 
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The mechanism by which pyelonephritis gives rise to hypertension has been described by Kin- 
c: id-Smith (1955) whose careful investigation allowed her to postulate that vascular occlusion 
p oducing multiple ischemic areas is largely responsible for the contracted pyelonephritic kidney. 
T ie same mechanism explained the development of hypertension in some cases of chronic pyelo- 
n phritis, for hypertension was then associated with areas of ischemic renal parenchyma which 
e: caped complete destruction or conversion to thyroid-like areas by acute inflammation. 

Relation of Medial Hypoplasia to Intimal Proliferation. 1n all the cases reported here, medial 
ficiencies, in the form of hypoplasia or even aplasia, were present in those renal arteries obstructed 
‘ intimal proliferation with one exception (Case 23). In this instance although intimal pro- 
eration was present in the renal arteries of the extirpated kidney, their media was intact (Fig. 10). 
is presumed in this case that kinking at the pelvic-ureteric junction with resulting distension of 
|e renal pelvis and calyces had interfered with the renal circulation and had caused the occlusive 
timal proliferation. This in turn had produced renal ischemia with consequent rise of the 
stemic blood pressure. Such hypertension was immediately annulled when the offending kidney 
»as removed. It is deduced from this that the presence through several years of this high blood 
essure had not produced intimal proliferation in the opposite kidney because of intact arterial 
edia as in the abnormal kidney which was removed. This permits the substantive statement 
at nephrectomy will never remove a state of hypertension in man unless renal ischemia in the 
c fending kidney is associated with a healthy renal circulation in the other. 

That arterial medial deficiencies are not the sequel of hypertension is supported by findings in 
patients where systemic hypertension results from the occlusion of renal arteries by the peculiar 
tssue of scleroderma. In this event although the resulting renal ischemia gives rise to hyper- 
tension, the blocked renal vessels show no evidence of medial hypoplasia (Evans, 1959). - 

Landis (1943) pointed out that with an equal amount of organic renal disease, as in polycystic 
disease of the kidney or pyelonephritis, hypertension appears in some subjects and not in others. 
He postulated that this variation may be due to unrecognized differences in the details of the struc- 
tural damage or to a hereditary defect, and emphasized the variable response of the vascular system 
to types and grades of renal disease. His first suggestion that the kind of structural damage 
determines hypertension in pyelonephritis has been confirmed by the findings reported by Kincaid- 
Smith (1955), and his second suggestion about the presence of a hereditary defect can be related 
to the finding of associated medial defects in the cases reported here—changes that are regarded 
as the cause of the occlusive intimal proliferation in the renal arteries and as leading to renal ischemia 
and in turn to hypertension. 


Sante o a. 


reaaliice Tika = Te 


CONCLUSIONS 


Examination of the renal arteries in systemic hypertension has shown either partial or complete 
closure of their bore by intimal proliferation, usually of an elastoid kind: in the arterioles the 
occlusive tissue was of a fibroid character as if developing passively from organized thrombus. 

As in pulmonary hypertension, so also in systemic hypertension, the intimal proliferation had 
preceded or had coincided with the state of hypertension, and it was equally conspicuous in 
three cases with hypertension in whom one kidney was deliberately removed early in the illness 
and in the late cases examined at necropsy. A change developing in the course of hypertension, 
and involving both renal and extra-renal arteries, was vascular contracture and this gave the appear- 
ance of medial hypertrophy. 

A further significant histological finding was hypoplasia of the media of the lesser renal arteries, 
and this deficiency in places amounted to aplasia where the single elastic coat gave the impression 
that the obstructed vessel was an exceptionally large arteriole. 

Systemic hypertension owes its inception to the presence of these congenital medial deficiencies, 
which in turn evoke the formation of intimal proliferation in adjacent arterial segments, proceeding 
to vascular occlusion and resulting in renal ischemia and ultimately hypertension. 
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These findings appear to establish the renal origin of systemic hypertension, and also suppoct 
the suggestion that it is an inherited, rather than an acquired, disease. 














































Nephrectomy in Cases 1, 2, and 23 was carried out by Mr. Donald Barlow, and the last case was under his caie. 
I am indebted to Dr. J. R. Gilmour for the pathological data in Cases 1, 2, and 3, and to Dr. Reginald Hudson n 
three cases. Professor Dorothy Russell placed at my disposal the pathological findings in six cases. The arteri- 
gram in Fig. 1 was carried out by Dr. H. Lloyd-Thomas. 
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The development of right heart catheterization (Cournand and Ranges, 1941) has permitted 
d rect evaluation of right heart hemodynamics. Attempted extension of such measurements to the 
kc ft side of the heart led first to the determination of pulmonary artery wedge (“‘pulmonary capil- 
l: ry”) pressures (Hellems et al., 1948, and Lagerlof and Werké, 1949) and thence to direct left 
heart catheterization (Fisher, 1955). The purpose of this paper is to demonstrate the limitations 
cf the pulmonary artery wedge pressure, by illustration of various vagaries in its form and of problems 
int its interpretation. 


METHODS AND MATERIALS 


The physical characteristics and diagnoses in 28 patients are given below. Right heart cathe- 
terization \vas performed in the usual manner, with the subject supine in the basal post-absorptive 
state. Left heart catheterization was performed as previously described (Samet et al., 1959) by a 
modification of the posterior percutaneous puncture of Fisher. The zero level for right heart and 
pulmonary artery wedge pressures supine was 5 cm. dorsal to the angle of Louis. The zero level for 
left heart pressures was 10 cm. dorsal to the angle of Louis in either the supine or prone position. 

The tip of the right heart catheter was wedged in the usual manner. Oxygenated blood could } 
not be aspirated from the tip (in the wedge position) in most instances. Verification of the adequacy 
of wedging was obtained during the pull-back from the wedge position to the pulmonary artery 
position. In all cases the catheter loop “wound up” in a small coiled loop before the tip snapped 
back into the pulmonary artery from the wedge position. The upper limit of normal of the wedge 
pressure was taken as 12 mm. Hg. 

Double- or triple-lumen right heart catheters were employed in most studies. In both types 
there is one opening at the tip and another 12 cm. proximal tothetip. In the triple-lumen catheter, 
the third opening is located 27 cm. from the tip. 


RESULTS 


Peculiarities in the form or level of the pulmonary artery wedge pressure were noted in 28 patients. 
These represented more than 10 per cent of all patients undergoing cardiac catheterization in the 
period of this study. Four types of vagaries in the wedge pressure were found. In the first (11 
subjects), false or unexplained elevation of the pulmonary artery wedge pressure was noted. This 
elevation was recorded in some subjects with rheumatic heart disease in the absence of a significant 


*Supported in part by a grant from the Heart Association of Greater Miami, 1957-1958. 
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mean diastolic left atrial-left ventricular gradient and in the presence of a normal left ventricul ir 
end-diastolic pressure. False elevations were also noted in some patients with cor pulmonale wr 
congenital heart disease. 

In the second type (10 patients), a normal pulmonary artery wedge pressure was found in tl e 
presence of a significant mean diastolic left atrial to left ventricular gradient (5 mm. Hg or more). 
In the third type (11 patients), large variations in the level of the wedge pressure were noted n 
different or the same wedge position. In the last type (3 patients), spontaneous variations n 
the degree of wedging were recorded. The total of patients in these four groups was more than 78 
because some subiects were included in more than one category. 


Type I. Case 1, a 35-year-old white man, had aberrant pulmonary venous connection and drainag:. 
The pulmonary vein draining the right lower lobe emptied into the inferior vena cava. On right heat 
catheterization with a triple-lumen catheter, false elevation of the pulmonary artery wedge pressure wis 
observed (Fig. 1). The wedge pressure was recorded at over 100 and 200 mm. Hg; pulmonary artery and 
right ventricular systolic pressure were both 22 mm. Hg. Case 2, a 33-year-old white man with rheumatic 
heart disease, was studied seven months after mitral valvotomy. Pulmonary artery wedge, right ventricu- 
lar and pulmonary artery pressures were recorded simultaneously. The mean wedge pressure was greater 
than the right ventricular systolic pressure, an anomalous observation. A similar finding was noted in Case 
3, a 23-year-old white man with rheumatic heart disease. Comparable pressure curves were recorded in 
Case 4, a 35-year-old white woman with rheumatic heart disease. Case 5, a 40-year-old white man had 
rheumatic heart disease with mitral stenosis. The pre-operative pulmonary artery wedge pressure was 
19 mm. Hg; the mean diastolic left atrial to left ventricular gradient was 13 mm. Hg supine. One month after 
operation the wedge pressure was 8 mm. Hg. Ten months after, the wedge pressure was again elevated 
at 14 mm. Hg, but the left atrial to left ventricular gradient was only 2 mm. Hg at rest and 3 during exercise. 
Left atrial mean pressure was 10 mm. Hg, and the left ventricular end-diastolic pressure 11 mm. Hg. Case 6, 
a 38-year-old white woman, had rheumatic heart disease; wedge pressures with a triple-lumen catheter gave 
peculiar results (Fig. 2). A delayed pulmonary artery curve was recorded from the tip (uppermost curve) 
at a level higher than the true pulmonary artery and right ventricular systolic levels. On re-wedging in 
another area, the wedge pressure was of the more expected pattern (Fig. 3). Case 7, a 38-year-old coloured 
woman had aortic stenosis, rheumatic or congenital in origin. Left ventricular end-diastoljc and left atrial 
mean pressures were normal. Pulmonary artery wedge pressure varied considerably with respiration at or 
above pulmonary artery systolic pressure. Case 8, a 44-year-old white woman, had rheumatic aortic stenosis 
and regurgitation. Simultaneous recording of pulmonary artery and pulmonary artery wedge pressures 
(Fig. 4) was performed. The latter, starting from a level well above pulmonary artery systolic pressure, 
fell continuously during the recording, finally falling to zero. On flushing the tip lumen and again recording 
pressures, the same phenomenon was observed. Case 9, a 37-year-old white man, had a patent ductus 
arteriosus with pulmonary hypertension and a consequent reversal of the shunt. Pulmonary artery wedge 
pressures varied from 40-80 mm. Hg ina single run. Case ]0, a 39-year-old coloured man suffered from 
obstructive pulmonary emphysema and sarcoidosis. Pulmonary artery wedge pressures of 40 and 37 mm. 
Hg were recorded. Case J], a 40-year-old white man, had rheumatic aortic stenosis. Normal mean left 
atrial and left ventricular end-diastolic pressures were recorded, but the pulmonary artery wedge pressur 
was elevated to 18 mm. Hg. 

Type II. This group includes 9 patients with normal pulmonary artery wedge pressures (upper limit 
of normal 12 mm.) but with significant left atrial to left ventricular mean diastolic gradients (Table 1. 
In the tenth patient (Case 21), the pre-operative wedge pressure varied from 10-17 mm. Hg during thre: 
different catheterizations. The pre-operative atrio-ventricular gradient was 14mm.Hg. Case 12, a49-yeat- 
old white man, had rheumatic mitral regurgitation and stenosis. Pulmonary artery mean wedge pressur: 
was zero during the first catheterization (Fig. 5). The mean diastolic left atrial to left ventricular gradier 
was 10 mm. Hg (Fig. 6). Similar observations were made in Case /3, a 48-year-old white man with mitrz| 
stenosis (Fig. 7 and 8); in Case 14, a 49-year-old white man with mitral stenosis; in Case 15, a 32-year-ol:| 
white man with mitral and aortic stenosis and aortic regurgitation; in Case 16, a 54-year-old white woma’: 
with mitral stenosis; in Case 17, a 49-year-old white woman with mitral stenosis and regurgitation and i: 
3 patients with mitral stenosis (Cases 18, 19, and 20) aged 48, 46, and 49 years respectively. 

Type III. Large variations in the level of mean pulmonary artery wedge pressure were recorded in thes : 
patients (Fig. 9, Case 2). Similar observations were made in Case 4, a 35-year-old white woman with aorti : 
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PULMONARY ARTERY WEDGE PRESSURES 
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Fic. 1.—Simultaneous pulmonary artery (P.A.), right ventricular (R.V.), and 
pulmonary artery wedge (P.A.W.) pressures in Case]. The magnitude of the 
latter pressure is in a non-physiological range. 
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Fic. 2.—Right heart pressures in Case 6 recorded with equisensitive gauges. The 
uppermost curve was recorded from the wedged catheter tip and has the 
form of a delayed pulmonary artery curve. The lower two curves are from 
the pulmonary artery and right ventricle. Note the delayed falsely elevated 
pressure curve obtained from the wedged tip. 
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Fic. 3.—A more usual wedge curve obtained by re-wedging of the catheter tip in 
Case 6. 
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Fic. 4.—Pulmonary artery wedge (P.A.W.) and pulmonary artery curves (P.A.) in 
Case 8. A continuously changing falling wedge pressure was reproducibly 


recorded. 
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E.C.G.. 
Fic. 5.—Pulmonary artery (P.A.) and pulmonary artery wedge pressures (P.A.W.) 


in Case 12. The latter pressure is zero in a patient with mitral stenosis and 
regurgitation. 
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Fic. 6.—Left atrial (L.A.), left ventricular (L.V.), and brachial artery (B.A.) curves 
in Case 12. There is a significant left atrial to left ventricular mean diastolic 
gradient (shaded area). 
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Fic. 7—Pulmonary artery (P.A.) and pulmonary artery wedge (P.A.W.) pressures 
in Case 13. The latter pressure is at the upper limit of normal in a patient 
with surgically verified tight mitral stenosis. 
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Fic. 8.—Left atrial (L.A.) and left ventricular (L.V.) pressures in Case 13. The 
mean diastolic left atrial to left ventricular gradient is readily seen. 
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Fic. 9.—Pulmonary artery wedge (P.A.W.), pulmonary artery (P.A.), and right 
ventricular (R.V.) curves in Case 2. Three levels of pulmonary artery wedge 


pressure are recorded in one short strip of tracing 
(All pressures recorded in mm. Hg.) 
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TABLE I 


COMPARISON OF PULMONARY ARTERY WEDGE PRESSURE SUPINE AND LEFT ATRIAL TO LEFT VENTRICULAR MEAN 
DIASTOLIC GRADIENT IN THE PRONE POSITION 



















































Pulmonary artery | Mean diastolic L.A.-L.V. ' 





Case No. | wedge pressure, gradient, mm. Hg, with 

mm. Hg. | the patient prone ( 
14 12 10 | 
12 0, 10 1] 
15 12 12 
13 12 9 \ 
16 7 9 
17 11 16 
18 11 9 § 
19 12 8 { 
20 10 10 
21 17, 15, 10 14 ( 





and mitral insufficiency; in Case 22, a 31-year-old white woman with mitral and aortic stenosis and aortic 
regurgitation; in Case 23, a 39-year-old white man with aortic stenosis and regurgitation; in Case 24, a 42- 
year-old white man with mitral stenosis; in Cases 3, 6,9, and 1] (described above); and in Case 25, a 59-year ( 
old white man with mitral stenosis. L 
Type IV. Pronounced variations in the degree of wedging were noted in this group which included 
Case 26, a 39-year-old white woman 5 years after mitral valvotomy; Case 27, a 14-year-old white girl with 
a ventricular septal defect; and Case 28, a 39-year-old white woman with heart disease of undetermined 








etiology. 
DISCUSSION ° 

The technique of wedging a right heart catheter in a peripheral branch of the pulmonary artery A 
was initially developed by Hellems et a/., 1948. The significance of this pressure has since been at 
investigated extensively both in man and the experimental animal (Hellems et a/., 1949; Ankaney, re 
1953; Connolly et al., 1954 and 1957; Wiggers, 1953; and Burton, 1953). Despite theoretica! cl 
objections (Wiggers 1953 and Burton 1953) pulmonary artery wedge pressure has been generally 
accepted as an approximation of mean left atrial pressure. However, both theoretical and practical! M 
difficulties have resulted. One patient (Spodick and Littman, 1958) underwent mitral valvo- ve 
tomy on two separate occasions because pulmonary artery wedge pressures of 24 and 27 mm. Hg to 
at rest were found on two right heart catheterizations. On exercise, the wedge pressure rose tc Ww 
33mm. Hg. The calculated “mitral valve areas” were 1-6 and 0:94 sq.cm. A normal mitral valve (E 
was found at both surgical procedures and at the post-mortem examination following the seconc 
thoracotomy. pl 

The pulmonary artery wedge pressures shown in this paper were recorded in the usual fashion by th 
advancing the tip of the catheter as far as possible in a branch of the pulmonary artery. The usua pr 
snap-back was noted when the tip was withdrawn into a main pulmonary artery. Fully saturatec (P 
blood could rarely be withdrawn from the tip of the wedged catheter. Similar experiences have 
been reported by others (Pederson, 1956). 

Several basic types of difficulties have been noted in this laboratory in connection with recordin; 
of pulmonary artery wedge pressures. In the first category, pulmonary artery mean wedge pressure 
well above pulmonary artery and right ventricular systolic peaks have been recorded. In som: th 
instances (Fig. 1), the rises were of such a pronounced degree as to raise serious doubts as t ha 
their physiologic meaning. Wedging the tip of a triple-lumen catheter led to a delayed falsel: to 
elevated pulmonary artery curve at an abnormally high level in another patient in this group (Fig. 2) let 
Withdrawal of the tip and re-wedging the tip in another area led to a more “‘normal”’’ wedge curv: pr 


(Fig. 3). It is apparent that reliance upon the level of pulmonary artery wedge pressure to delineat 















































PULMONARY ARTERY WEDGE PRESSURES 


those patients with mitral stenosis with significant valve block and left atrial hypertension from those 





N \vithout valve block (but with the murmur of mitral stenosis) may lead to serious diagnostic errors. 
Unexplained elevation of wedge pressure has been noted by other investigators. Robin and 
lsurwell (1957), have reported three patients in whom the wedge pressure was higher than the pul- 
110nary artery diastolic pressure. This finding was attributed to technical error. Morrow et al. 
(1958) described two patients with elevated pulmonary artery wedge pressures: both had congenital 
<ortic stenosis with normal ventricular end-diastolic pressures, and neither had clinical nor 
| emodynamic evidence of mitral valve disease despite the wedge pressure elevation. 
On the other hand, normal pulmonary artery wedge pressures have been recorded in patients 
\ ith proven mitral valve block. The absolute level of left atrial pressure in these patients in the 
s:cond category is of lesser importance in evaluation of mitral valve block than the presence of a 
: gnificant left atrial to left ventricular mean diastolic gradient. The absolute relationship between 
tie mean pulmonary artery wedge pressure and mean left atrial pressure when supine has been dis- 
cussed in a previous study in 22 patients (Samet et a/., 1959). It was noted therein that the average 
| ean wedge pressure was 14 mm. and the average left atrial mean pressure, 17 mm. Hg. The average 
‘ ifference, regardless of the sign, was 3-5 mm. Hg. This reasonably close agreement between the 
ortic \ edge and left atrial pressures (in the face of 9 subjects with normal pulmonary artery wedge pres- 
a 42- : ares but significant left atrial to left ventricular mean diastolic gradients) demonstrates that similarity 
year cf left atrial and wedge pressures does not permit the conclusion that the wedge pressure may be 
ised as a measure of the degree of mitral valve block. The possibility of diagnostic error is even 
uded ¢reater in these subjects in the second group than in those in the first group, if right heart cathe- 
with tzrization alone is employed to aid in determination of surgical indications in patients with mitral 
une stenosis. 
Marked variations in the level of the pulmonary artery wedge pressure were noted in some sub- 
jects in the third group. In Fig. 9 three different levels of mean wedge pressure are readily noted. 
It is problematical as to which one of these three levels represents the true “‘wedge pressure”’. 
rtery An even more obvious example is noted in Fig. 4 where a continued fall in the level of pulmonary 
been artery wedge pressure is seen: the final pressure is at the zero level. This phenomenon was 
aney, reproducible after flushing the catheter tip with 5 per cent glucose in water. Similar anomalous 
etical curves were recorded in Case 4. 
rally A difference of left atrial and pulmonary artery wedge pressures has been noted in the dog. 
ctical Miliary pulmonary embolization with starch led to a rise in pulmonary artery wedge and pulmonary 
alvo- venous pressures without a change in left atrial mean pressure; this dissociation has been attributed 
1. Hg to pulmonary venous constriction (Singer et a/l., 1957). Spasm of the pulmonary vein at its junction 
se tc with the left atrium also followed intravenous injection of 20 per cent sodium chloride in the dog 
valve (Eliakim et al., 1958). 
conc The purpose of this discussion is not to deprecate the clinical value of the pulmonary artery wedge 
pressure measurement, but to point out the limitations of this determination and to indicate some of 
on by the problems encountered in this laboratory in the clinical and physiological application of the wedge 
usua pressure. Other problems in the interpretation of wedge pressure have been outlined elsewhere 
ratec (Pederson, 1956, and Murphy, 1958). 
have 
rdin; SUMMARY 
ssure Problems arising in the interpretation of pulmonary artery wedge pressures in patients with 
som rheumatic and congenital heart disease and cor pulmonale have been illustrated. These difficulties 
as t have been observed in about 10 per cent of the right heart catheterizations performed in this labora- 
alsel: tory. Unexplained elevation of wedge pressures, normal wedge pressures in the face of significant 
ig. 2) left atrial to left ventricular mean diastolic gradients, and unexplained variations in the level of wedge 
curv: pressure in one study constitute the main problems causing these difficulties in interpretation of the 


ineat« significance and meaning of pulmonary artery wedge pressure. 
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The purpose of this communication is to examine the pattern of coronary heart disease over the 
y ‘ars 1948 to 1957 inclusive, as seen in the mortuary of the General Hospital at Singapore in 19,415 
c msecutive autopsies, and to determine whether there are racial differences. The macroscopic data 
c msidered relevant were transferred from the post-mortem protocols on to a specially prepared 
p oforma in all those cases in which the principal cause of death was given as coronary heart disease. 
Tae series does not include other cases in which coronary heart disease was an incidental finding. 

The Island of Singapore and its Population. Singapore, an island of some 217 square miles, lies 
oae degree north of the Equator and 104 degrees east of Greenwich. The climate is equable, the 
average temperature being 85° F. and the average relative humidity 83 per cent. There are no 
seasons. On the Island live some one and a half million people of varying races, religions, customs, 
and dietary habits. 

When Thomas Stamford Raffles landed on the Island in 1819 the population was in the region of 
150, all Bugis Malay. In 1824 when the Island was formally ceded to the East India Company, it had 
risen to 10,000. Free immigration continued, mainly from China and India, until about 1939. 
Since then the polyglot populace has rapidly increased until it has reached the figures shown in 
Table I. 
































POPULATION AND NECROPSIES FROM a DISEASE IN DIFFERENT RACIAL GROUPS 
| Chinese ae mei Malays | Euras. | Europ. | Others | Totals 
1947 census... w. Sw. . | 729,473 | 68,967 | 113,803 | 9,110 | 9,279 | 7,512 | 938,144 
1957 census... 23 os ee | 1,127,000 | 115,000 180,000 | 15,000 | 22,000 | 15,000 | 1,474,000 
Mean population .. .. .. | 928,200 92,000 _| 146,900 | 12,000 | 15,600 | 11,300 | 1,206,000 
Necropsies with Cor.H.D. .. ae 238 244 35 12 29 — | 558 
Deaths from Cor.H.D. per 1000 per | | | 
annum ry 3 ie aed 0-026 | 0-265 0-024 0-100 0-186 | = 0-046 
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DEATHS FROM CORONARY HEART DISEASE 
Table I shows, by race, the population distribution in the year 1947 and the estimated numbers in 
the 1957 census. The latter numbers were obtained by applying the end 1956 percentage distribu- 
tion by race to the 1957 census total population figure of 1,474,000. The mean was derived and the 
45 
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post-mortem incidence of coronary heart disease expressed as so many per thousand per annu n 
for each racial group. 

Unfortunately, neither in the 1947, nor in the 1957 census, was enquiry made as to religio :. 
The latest figures available are for 1931, and these refer, not to Singapore alone, but to the Strai s 
Settlements, which comprised the Islands of Singapore and Penang, with the present State of Malacc :. 
Although it is realized that these proportions are probably no longer accurate they are applied ‘2 
Table II since it is felt that they can, faute de mieux, be used to give a rough Indian/Indian Musli a 
ratio. 

Table II shows the number of deaths from coronary heart disease within the group Indians ar 4 
Pakistanis (Table I), expressed as so many per thousand per annum. The Indian Muslim wou d 
appear to be twice as liable to die from coronary heart disease, as his non-Muslim compatriot, ard 
twenty times more liable than the Chinese or the Muslim Malays. 


TABLE II 
NECROPSIES WITH CORONARY HEART DISEASE IN DIFFERENT RELIGIOUS GROUPS IN INDIANS AND PAKISTANIS 






































Religion .. sf ee — 4 .. | Hindu Christian Buddhist Others | Muslim | Sikh Tota! 
ie - ; 1091 6433034 | 
Per thousand .. 7 ‘i. - a ——————__—-_——_—_—— 
779'8 187-5 | 32-7 | 10000 
Estimated number for each religion .. .._| 72,000 17,000 | 3,000 | 92,000 
Necropsies with Cor.H.D. ..  .... 160 m4 | 10 | 244 
Deaths from Cor.H.D. per 1000 per annum. . 0-222 .- 0-435 | 0-333 | 0-265 





DEATHS IN WHICH A THROMBUS WAS FOUND (THROMBUS POSITIVE GROUP) 


A thrombus was discovered in the coronary arteries of 242 persons, of whom 16 (7%) were 
women. For the 88 Chinese in this group, the mean age at death was 51-9+11-1 years; for the 74 
Indians 44-3+10:1 years; for the 33 Indian Muslims 46-4+ 10-5 years; for the 18 Malays 47-1+8-7 
years; for the 7 Eurasians 47-3+11-5 years; for the 16 Europeans 51-14+9-2 years; and for the 6 
Sikhs 50-°0+10-9 years. The mean for all races was 48-1+11-5 years. The average age at death 
for Indians, Indian Muslims, and Malays is thus significantly less than for Chinese (respective 
O.D./S.E. ratios being 4-6, 3-3, and 2-0 to 1). There is no significant difference between Indians, 
Indian Muslims, and Malays. 

More Indians and Indian Muslims die from coronary occlusion in the fourth decade than do 
Chinese, 32 and 30 per cent instead of 15 per cent. Bland and White (1951) reviewing 461 cases of 
clinical myocardial infarction found that 22 per cent were below the age of 50: in this series the re- 
spective percentages, below the age of 50, for Chinese, Indians, Indian Muslims, Malays, and Euro- 
peans are 41, 68, 60, 68, and 37 respectively. 

The peak incidence in the series of Bland and White (1951) in America was in the decade 50-5), 
in that of Peel (1955) in Scotland at ages 55—59, and in that of Weiss and Gray (1954) in the Americen 
Negro in the decade 60-69. Vakil (1949) in his series, principally Indian Hindus, found it to le 
in the decade 40-49, the mean age at death being 49-4 years. In this series the peak incidence in tl e 
Chinese is in the decade 51-60, in the Malay 41-50, and in both Indians and Indian Muslims in tle 
decade 36-45. 

Table III shows, by race, the site of thrombosis in the thrombus positive group. Wood (195) 
summing up the observations of several writers, notes that the anterior descending branch of tle 
left coronary artery is affected in 66-75 per cent of cases, the left circumflex in 5—33 per cent, and t!.e 
right in 25—40 per cent: thrombosis of the left main trunk, he states, is rare (this series 89%). The 
mean figures in this series lie within these values. There appears to be a racial difference in the numb :r 
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TABLE III 
THE SITE OF THE THROMBUS BY RACIAL GROUPS 
~ Race l , ] : I 
| Chinese Indian (Ind. Mus.| Malay Euras. Europ. Sikh Total 
Artery “| No. % | No. % | No. % | No. % Se Bite % Me. ae 
= | 
= Wee nid 44 50 | S51 69 | 20 61 | 10 56 | 7 100 8 50 4 67 144 59 
L.M. |} 45| 70) 68] 1 6)/— —| 23/—-—| we 
Cire. eee ty + epee Cie eae oes 
R ~»eD. | 6 8! & 4 22 —_- — 2 13 1 16 38 16 
L24R. .. | 7 8] 4 5/—-—| 2n/— —-| 1 6/——| «@ 6 
Pere eS eS ers aS a es es 
re ee ee 8 se ee . + 
L.M.+L.D. .. 22) 2B we | me eh me mel RT ee 5 2 
C+R —-—-}|]-—--—-]-—-]-—-—|]—-— -| 1 6]/—-—-— 1 05 
ene ee 9 8 eS ene Ces ree peg corm 4 2 
Total .. .. | 88 14 33 18 z= | 16 6 242 
_ — . o— 

TctalL.D. .. | 54 61 | 56 76 | 21 63 | 12 6 | 7 100} 8 73 | 5 71 | 163 67 
Total R. o. | a on " & | 35 8 739 | — — | isi fs i ae” 2 
| | | 
Ccr.H.D.=Coronary heart disease. R.=Right coronary artery. 
L.D.=Anterior descending branch of left coronary artery. O.D.=Observed difference. 

L.M.=Main trunk of the left coronary artery. S.E.=Standard error. 


Circ. or C.=Circumflex branch of left coronary artery. 


of thrombi found in the right coronary artery, if Chinese and Indians be compared. The ratio 
0.D./S.E. is 3-5 to 1 for thrombi in the right coronary artery alone, and 2-5 to 1 for thrombi in the 
right coronary artery both alone and in combination. The figures for Indians appear rather lower 
than usual, but do not differ significantly from the mean. There are no other significant 
differences. 

Macroscopic necrosis was observed in 114 of the 242 hearts in this group. Although thrombosis 
without infarction has been observed before, Wood (1956) giving the figure 20 per cent, the high 
incidence in this series (539%) is thought to reflect the fact that only macroscopic necrosis has been 
recorded. The necrosis was mainly anterior in 81 (71°), mainly posterior in 31 (27°), the site 
not being specified in a further 2 (2%). In Indians there was a smaller proportion of posterior 
infarctions (19°%), reflecting the diminished frequency of thrombosis in the right coronary artery 
(Table III). This distribution agrees with the observations of Wartmann and Hellerstein (1948) 
who found chiefly anterior infarctions in 72 per cent of their cases. 

Morbid Anatomy. In this group the coronary ostia were involved in 6 per cent. Subintimal 
hemorrhage had occurred in 4 per cent while the thrombus was found on an ulcerated atheromatous 
plaque in 12 per cent. Gross calcification of the arterial wall was present in 21 per cent. There 
was evidence of a prior infarction in 15 per cent. The atheromatous lesions in the coronary vessels 
were classed as severe in 45 per cent, as moderate in 26, and as slight in 13 per cent: in a further 
1 per cent atheroma was absent, and no record had been made in the remainder. There were 
no significant racial differences. 

Myocardial fibrosis visible to the naked eye was noted in 124 (51°). In the main the thrombus 
formed in the artery that supplied the fibrotic area of heart. The Indian Muslim, however, deviated 
significantly from this rule, a phenomenon for which no explanation can be offered. 
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Rupture of the heart was seen in 7 per cent of cases, a cardiac aneurysm in 2 per cent, thromb )- 
embolic phenomena in 2 per cent, and mural thrombus in 6 per cent. In the Indian Muslim t 1c 
incidence of these complications was much higher than in the other races, respective figures bei: g 
18, 12, 6, and 30 per cent, differences that are statistically significant. 

The mean incidence of these complications is much less than in most reported series. Word 
(1956) regards the upper limit of cardiac rupture as being 15 per cent. Hellerstein and Martin 
(1947), adding up the findings of eleven workers, record thromboembolic phenomena in 11-5 per 
cent, and intramural thrombi in 40 per cent. Figures for cardiac aneurysm vary enormously 
depending largely on what the author regards as an aneurysm: Cleland (1949) gives 4 per cent in 
his Australian series. 


DEATHS IN WHICH NO THROMBUS WAS FOUND (THROMBUS NEGATIVE GROUP) 


No thrombus was found in the coronary arteries of 316 persons of whom 25 (8°%) were women. 
In 150 Chinese the mean age at death was 51-1+12-1 years, in 86 Indians 46-9+11-1 years, in 41 
Indian Muslims 44-6+7-5 years, in 17 Malays 46-2+10°8 years, in 5 Eurasians 49-8+8-8 years, 
in 13 Europeans 57-5+13-2 years, and in 4 Sikhs 59-0+8-8 years. The mean for all races was 
48-6+11-5 years. 

The average age at death in the thrombus negative group for Indians and Indian Muslims is 
significantly lower than in the Chinese, the O.D./S.E. ratio being respectively 2-7 and 4-2to1. There 
is no statistically significant difference between Malays, Indians, and Indian Muslims. 

By the age of 50, 49 per cent of the Chinese, 69 per cent of the Indians, 60 per cent of the Indian 
Muslims, and 59 per cent of the Malays in this group had died. The peak incidence was in the decade 
46-55, with the exception of the Indian where it was in the decade 41-50. 

Comparison with the thrombus positive group reveals a remarkable similarity. Vakil (1949) 
noted a similar picture when he compared his coronary occlusion and angina pectoris groups. 

Morbid Anatomy. Myocardial necrosis was found in 140 of the hearts in this group (44%). 
Rupture of the myocardium was noted in 4 per cent, a cardiac aneurysm in 2 per cent, mural throm- 
bus in 3 per cent, and thrombo-embolic phenomena in I per cent. There were no significant racial 
differences. 

Atheroma in the coronary vessels was found to be severe in 69 per cent, moderate in 19 per cent, 
slight in 7 per cent, and absent in 2 per cent: although the cause of death was given as coronary heart 
disease, no note had been made about the state of the coronary vessel wall in the remainder. The 
arteries were occluded by atheroma in 83 (26%) cases, but in the Indian Muslim they were occluded 
in 37 per cent. Macroscopic fibrosis of the myocardium was found in 59 per cent of the thrombus 
negative group, being predominantly anterior in 67 per cent and predominantly posterior in 19 per 
cent: in the remaining 13 per cent the site of the fibrosis was not stated. The higher incidence of 
fibrosis in the thrombus negative group is a reflection, one presumes, of the larger number showing 
severe atheroma. 


ASSOCIATION WITH CARDIAC ENLARGEMENT 


Although the normal heart weight for most of the population of Singapore is probably about 
350 g., only the hearts weighing 450 g. or more are classed as enlarged for the purposes of this paper. 
139 enlarged hearts (25°%) were found, on this criterion. There were no racial differences, nor 
were more thrombi found in this group. Bartels and Smith (1932) noted hypertrophy in 88 per cent 
and Cleland (1949) in 60 per cent of infarcted hearts examined post mortem. 

It has been held that the enlargement seen in infarcted hearts has been due to a co-existent 
hypertension. Master (1954) examined 500 men clinically who suffered from coronary occlusi »n 
and concluded that, allowing for the natural increase of blood pressure with ageing, the enlargeme at 
was due to coronary insufficiency rather than to hypertension. He also showed that hypertensi n 
does not predispose to the formation of a cardiac aneurysm. But Friedberg and Sohval (19¢9) 
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examined the hearts post mortem of 100 cases of acute coronary occlusion and found that there was 
nc increase in heart size except in those with an ante-mortem record of hypertension. It is regretted 
that in this series no ante-mortem data are available for most of the patients, hence no opinion can 
be given to this question. 





CORONARY HEART DISEASE IN WOMEN 


Estimates as to the incidence of coronary heart disease in women vary considerably. Weiss 
aid Gray (1954) found the male/female ratio for their series of Negroes to be 1-1 to 1, Clawson 
(141) found it 4-2 to 1, Vakil (1949) 8-6 to 1, and Jayewardene and Jayesekere (1954) 10-2 to 1. 
Ir this series 41 (79%) were women, a male/female ratio of 12-5 to 1. However, only 34 per cent of 
tk > necropsies in this series of 19,415 were performed on female subjects. 

There were 16 women in the thrombus positive group, 12 of whom were Chinese. The mean age 
ai death for the Chinese was 49-6+11-5 years and for the 16, 50-2+10-2 years. In the thrombus 
n gative group there were 25 women, including 19 Chinese and 5 Indians. The mean age at death 
fc - the Chinese was 55-9+15-6 years, for the Indians 59-1+13-2 years, and for the whole group 
5 -6+14-7 years. 

Most authors seem agreed that, whereas men show a peak incidence of coronary heart disease 
(i 1 the Occident usually in the sixties), the incidence in women gradually rises from the fifties onwards, 
u itil in the seventies it is equal to, or surpasses, that of men (Peel, 1955). In this series, 58 per cent 
0. the Chinese women with thrombi had died before the age of 50 (men 38°) the peak incidence 
being in the decade 41-50 (men, 51-60). In the thrombus negative group 47 per cent had died 
b-fore the age of 50 (men, 499%) the peak incidence being in the decade 41-50 (men 46-55). Vakil 
(:949) found the peak incidence for women to be in the decades 40-60, and 46 per cent of his 26 
women had died before attaining 50 years. 

From the evidence available it seems likely that the age distribution of coronary heart disease 
in the East is somewhat different to that reported in the West. In the thrombus positive group the 
ages ranged from 26 to 66 years. The youngest case is of some interest, being five months pregnant 
ai the time of death. Autopsy revealed a large recent thrombus in the right main coronary artery 
4 cm. from its commencement, coronary vessels that appeared normal, and no abnormality of the 
genital tract. In 5 (31%) of the thrombus positive cases the thrombus was noted to be old (males 
13%). In the thrombus negative group the youngest case, aged 27, showed severe atheroma of 
both coronary arteries, anterior fibrosis and necrosis of the myocardium, with a recent rupture 2 cm. 
long at the apex. 


ASSOCIATION WITH EFFORT 


Only 11 of the 242 deaths (5%) in the thrombus positive group were noted as being associated 
with physical effort. Ofthese,4 occurred in Indian Muslims. Seven deaths occurred in the lavatory. 
Phipps (1936) noted exertion in 13 per cent of his cases; Master et al. (1937) noted severe effort in 
2 per cent and moderate effort in 9 per cent. These low figures do not accord with the experience 
of all (Smith et. al., 1942; Yater et al., 1948). 

Surprisingly, an even smaller number, i.e., only seven, in the thrombus negative group died during 
or shortly after physical exertion: of these, five were Malays. Eight deaths occurred in the lavatory. 


SELECTION AND BIAS 


At the outset of this investigation, it was felt that it would be better to consider only those cases 
that came within the jurisdiction of H.M. Coroner, it being argued that violent and sudden deaths 
were likely to affect all races in much the same proportions. This did not prove to be so and this 
group was found to be heavily weighted by Indians and Indian Muslims. Part, but not all, of this 
bias was due to the large numbers of deaths from coronary heart disease within these two racial 
groups. 
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Consideration of those dying in hospital revealed many points of bias. For religious reaso is 
virtually no post mortems are obtained in Malays or Indian Muslims, hence this series is undu y 
weighted by Chinese. It is much easier to obtain permission to examine a child than an adu t. 
A necropsy may be performed on a body not claimed within 24 hours of death, consequently mai y 
children, but few adults, come to morbid examination under this ruling. 

It was felt, therefore, that rather than attempt to disentangle these many factors, with probab y 
results of dubious value, it would be better to relate all figures obtained to the total number of po it 
mortems performed in the period 1948-57 inclusive. Despite this the post-mortem figures probab y 
reflect the relative racial proportions quite well. During the nine years 1948-56, 1178 deaths we e 
registered by the Registrar-General as being due to “ arteriosclerotic heart disease, including corona: y 
disease.” This is equivalent to 1-14 per cent of the 103,464 deaths in that period, or to 0-11 deatis 
per 1000 population per annum. This latter figure is 2-4 times the mean autopsy rate for corona: y 
heart disease (Table I). 

Unfortunately there is no racial breakdown for these figures, but, should it be assumed that tl.e 
626 persons who were not autopsied (i.e. 1178-552) were all of Chinese race, the ratio Indians-- 
Pakistanis/Chinese for deaths from coronary heart disease would be 0-265/0-093=2-85/1, a figuie 
that is still highly significant (O.D./S.E.=15/1). 


RISE IN INCIDENCE 


Many reports have come from the Occident purporting to show a steady rise in the incidence of 
coronary heart disease over the past 30 years: Ryle and Russell (1949) in the United Kingdom, 
Davidson (1953) in Australia, Denny (1936) and Hedley (1939) in the United States of America. 

In Singapore, pre-war autopsy figures are not available as all records were destroyed during the 
Japanese occupation. The records of the Registrar General (Singapore) were however maintained 
during this period. Fig. 1 shows the rise in the number of deaths from coronary heart disease, as 
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Fic. 1.—The number of deaths from coronary heart disease, as recorded by the Registrar General (Singapore) 
per 1000 population, related to the numbers dying from all other forms of heart disease per 1000 population 
during the decades 1938-47 and 1948-57. 
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recorded by the Registrar General (Singapore), per 1000 population, related to the numbers dying 
from all other forms of heart disease per 1000 population during the decades 1938-47 and 1948-57. 
The mean incidence is 0-16 per cent of all deaths in the former decade, and 1-03 per cent in the 
latter, but the incidence of deaths from other forms of heart disease is much lower. The percentage 
ir cidence is also falsely low in the decade 1937-47 due to the increased incidence of, and death rate 
fi xm, tuberculosis, beri-beri, and malaria. There is nevertheless a large increase over the twenty 
yi ars. 
Post-mortem figures since the War show that coronary heart disease accounted for 2-9 per cent 
all deaths, or 21-2 per cent of all cardiac deaths (Muir, 1958). The diminution in incidence 
‘ring the War years will be readily observed. In this period of privation, coronary heart disease 
is held to be much less common (Subrahmanyam, 1958) and this was also the experience in other 
‘ untries, e.g. Norway (Malmros, 1950); this decrease was attributed to a diminished intake of foods 
+h in cholesterol. Schornagel (1953) noted a fall in the incidence of coronary sclerosis in Rotter- 
m, the lowest figures, as in Singapore, being found in 1944 and 1945. 
From the neighbouring territory of Malaya, Marsden (1957) remarks that “coronary disease occurs 
d is well known.” In Malaya over the years 1948-56 the total hospital in-patient population 
is 2,056,270. During this period 940 cases of coronary heart disease were treated, an incidence 
0 0:46 per 1000. Of these 39 percent died. General statistics for the whole country are unreliable 
a; many deaths (in 1956, 81°%) are not certified by medical practitioners. 
In both territories there has been a steady increase in the numbers with this disease treated in 
hospital. In 1948, in Singapore there were 6, and in the Federation, 2 patients per 10,000 hospital 
a lmissions: by 1956 the corresponding figures were 30 and 10 respectively—a considerable rise. 


anmostao 
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DISCUSSION 


Coronary heart disease is still stated to be rare among the Chinese (White, 1951). Snapper 
(:941) has emphasized the rarity of coronary arteriosclerosis in North China, believing this to be 
due to a low intake of fats containing saturated fatty acids. Tung (1948), reporting 18 cases of 
coronary thrombosis, remarked that up to that time no paper on coronary disease in China had been 
published: 15 of his patients came from the upper social and economic strata of Shanghai and might 
well be expected to have a much higher intake of richer foods. Foster (1930) noted the rarity of 
arteriosclerosis in patients attending the Yale-Hunan Hospital and found only one case of angina 
pectoris in 4000. He noted the low blood pressure of the local population and found that the blood 
pressure of Americans living there gradually fell too. Houston (1928) has noticed that the blood 
pressure of immigrant Chinese in America rises. 

Vakil (1949) has described coronary heart disease in Bombay. 1860 (6°) of the admissions 
to the King Edward Memorial Hospital suffered from some form of organic heart disease, and of 
these 250 had some form of coronary heart disease, i.e. 13-5 per cent of allcardiaccases. The highest 
incidence was observed “at least a decade earlier than in reported Western statistics. The same 
has been the experience of numerous colleagues in this country. ...”” He studied the question of 
racial incidence and concluded that “the incidence of coronary disease is higher in the minority 
communities,” i.e. Indian Muslims, Indian Christians, Parsees, and Jews. He does not relate his 
figures to the population at large. 

Wijeyesekera (1954), studying clinically 100 cases of myocardial infarction in Ceylon, found that, 
contrary to most other countries, the incidence was highest in the lower income groups, but his 
series did not include nursing home cases, which may account for the difference. He found the 
incidence highest among Eurasians and Burghers, intermediate in the Tamils, and least in the Sin- 
halese, the respective figures being 0-26, 0-12, and 0-06 per 1000 of population. The peak incidence 
was in the decade 50-60, 38 per cent dying below the age of 50. These figures are almost identical 
with those of Jayewardene and Jayesekere (1954), who find the post-mortem incidence in Colombo 
to be 368 in 3632 consecutive autopsies, both hospital and judicial, i.e. 10 per cent. 

Thus, there is a body of evidence to suggest that the Chinese in China are not prone to coronary 
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heart disease. In Singapore it has been shown that the Chinese element of the population while not 
by any means immune, is very much less liable to coronary heart disease than the Indian, Indizn 
Muslim, Eurasian, and European communities. 

Vakil (1949) has shown that the Indian Muslim is probably more liable to coronary disease th: n 
the Hindu. This is borne out in Singapore. Ruffer (1921) who performed 800 autopsies cn 
Muslim pilgrims dying on the road to Mecca found coronary atheroma to be as common as in Eur »- 
peans. Yet from our figures in Singapore, the Muslim Malay dies but rarely from coronary hea t 
disease. It would in this context be interesting to examine the incidence of coronary and other hea t 
disease in a Muslim Chinese community such as exists in West China and relate it to non-Musli n 
Chinese nearby. Such a survey would show whether the Muslim way of life has a role in the cau;- 
ation of coronary heart disease. 

There may be some factor that makes coronary atheroma more dangerous to one racial group 
than another, for as Davies (1948) remarks “In Africa one of the puzzling features of atheroma ‘a 
Africans is the rarity of coronary thrombosis.” Similarly, Becker (1946) finds that the incidence of 
atheromatosis in Bantu and Coloured subjects is low, for in his series of 3000 consecutive pos.- 
mortems, atheromatosis was responsible for the death of only 11 subjects, and only one of these 
was due to coronary thrombosis. 

The negro in America has long been held to be less liable to coronary heart disease than the 
American white (Johnston, 1936), but Holoubek (1945), Yater et al. (1948) and others have shown 
that this is probably not so. Whether this apparent increase is true or represents a higher standard 
of living and medical care, no one seems to know. 

Miiller (1935) found the post-mortem incidence of atherosclerosis in Java, where there is also a 
multiracial population, to be the same as in Holland, noting that prior to this date no cases of either 
coronary thrombosis or coronary sclerosis had been encountered in the post-mortem material of 
Batavia (Djakarta) and Sourabaya. Zuidema, writing in 1952, describes 79 cases of clinical coronary 
thrombosis occurring in Europeans, Chinese, and Indonesians in Djakarta, most of whom came from 
the higher income groups. 

It is tempting to ascribe the differences found to dietary habit. In Singapore, the diet of most 
Chinese is based on rice. Much of the food is greasy, being cooked in a vegetable oil (peanut), 
less commonly in pig lard. Fish is probably the staple source of protein, pork being reserved for 
festivals and egg and milk consumption being very low. The diet of the non-Muslim Indian from 
the North, and of the Sikh, is based on chuppattis made from atta flour: he drinks a large amount of 
milk, eats little meat, and his cooking is done in ghee (clarified butter). The Southern non-Muslim 
Indian subsists on rice, cooked vegetables, and a very hot curry, usually of fish each day; mutton 
is usually eaten once a week; and the cooking is done in linseed or coconut oil. The Indian Muslim 
likes very oily food, which is nearly all cooked in ghee; he consumes more mutton than anybody 
else, usually the fatter cuts, eating meat about three days a week; and he also favours a sedentary 
occupation. The Malay lives on fish and rice, usually curried, rarely eating meat; his cooking ‘s 
done in coconut oil. 

It will be appreciated that the diets outlined are subject to considerable variation, especially in the 
more wealthy families. The more exact composition of these diets, with particular reference to tke 
degree of saturation of the fats, will be the subject of a further communication. The impression gaine 1 
is that although the Indian Muslim is a great fat eater, other Indians, particularly the Tamils fro:1 
the South do not eat much more, if as much, fat as the Chinese or Malay, who have a much low r 
incidence of coronary heart disease. 


SUMMARY AND CONCLUSIONS 


The morbid anatomy of coronary heart disease, as it occurred in 552 persons of various races /1 
Singapore, is described. In general, it is found to be the same, once developed, for each race, ar 1 
to be much the same as elsewhere in the world. Minor racial differences are noted such as the lo v 
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incidence of right coronary artery thrombosis in the Indian compared with the Chinese, and the 
generally more fulminating nature of the disease in the Indian Muslim. 
The majority of those dying from coronary heart disease do so before attaining the age of 50 
years: in the Occident the reverse obtains. 
Major racial differences are shown to exist in the incidence of coronary heart disease; the Indian 
!f{uslim being twenty times, and the Indian ten times, more liable to die from this disease than the 
(hinese or Malay. 
The sex incidence of coronary heart disease in Chinese women in Singapore is found to be the 
‘ame as in the West, but the age incidence appears different. 
Evidence is presented to suggest that the incidence of coronary heart disease in Singapore, and 
1 neighbouring Malaya, is increasing. 

A fall in mortality from coronary heart disease during the war years with a concomitant rise 
1 the deficiency diseases, suggests that diet, as well as race, plays a part in pathogenesis. 

Certain features of coronary heart disease in India, China, Ceylon, and Africa are discussed. 


I wish to thank Professor R. Kirk for kind help and criticism, Mr. V. Nalpon of this Department, for advice about 
acial dietary differences, Mr. Ti Teow See for Fig. 1, Mr. E. J. Phillips of the Singapore Government Department of 
tatistics for various data, my wife and Mr. P. A. Samuel for secretarial assistance. 
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The object of the investigation was to find the most safe and efficient method of coronary angio 
graphy in animals, with a view to applying it to human subjects. Grossman (1945) was one of th: 
first to describe radiological investigation of the coronary arteries in live dogs. He injected between 
100-150 ml. of 70 per cent diodrast in divided doses into the thoracic aorta of 12 dogs, visualiza- 
tion of the coronary arteries was successful in five dogs but four of them died. 

Other workers have studied techniques for demonstrating the coronary circulation. Garamella 
George, and Hay (1957) inserted a polyethylene catheter via the right carotid artery into the basc 
of the aorta, and injected opaque medium to assess the effects of experimental coronary artery 
occlusion. Dotter and Frische (1958) used a double-lumen balloon catheter to inject contrast 
medium into the ascending aorta, proximal to occlusion of the aortic arch by a balloon: by this 
method, they were able to reduce the volume of contrast medium, and improved visualization 
of the coronary circulation by inducing cardiac arrest with acetylcholine just prior to the injection. 
Hughes et al. (1956) and Miller et al. (1957a, 19576) injected contrast medium into the proximal! 
aorta and studied the coronary circulation in normal dogs and after various surgical procedures 
Arnulf (1958) and Arnulf and Chacornac (1958) induced cardiac arrest with acetylcholine and 
obtained successful coronary angiograms in animals and in men. 


MATERIAL AND APPARATUS 


Twenty unselected mongrel dogs were studied. Their weights ranged from 8-2 kg. to 22-6 kg 
(average 14-8 kg.). Induction of general anesthesia was carried out with 2:5 per cent sodiun 
thiopentone. In the earlier experiments, atropine sulphate 0-6 mg. was added to the sodium 
thiopentone, but it was discontinued later since it tended to prevent cardiac arrest from the acetyl. 
choline. The omission of atropine from the premedication did not appear to have any advers« 
effect. 

The animals were intubated and respiration was controlled using an intermittent positive pressur 
respirator (Beaver Mk II). Anesthesia was maintained with nitrous oxide and oxygen and smal 
additional doses of sodium thiopentone and pethidine. The level of anesthesia was kept as ligh: 
as possible and great care was taken to ensure that the animals were fully oxygenated at all times 

The right common carotid artery was exposed with the dog turned 15 degrees toward the righ 
oblique position. Tapes were placed around the artery and a longitudinal incision was made throug] 
which the cardiac catheter was passed into the ascending aorta under X-ray control. The electrocar 
diogram and, in some cases, the electroencephalogram were continuously observed on a cathode ra\ 
tube. The central aortic pressure was monitored using a second catheter passed via the left femora 


* Leverhulme Research Fellow, Royal College of Physicians, London. Present address: Cardiac Department 
Royal Melbourne Hospital, Victoria, Australia. 
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artery into the thoracic aorta. Recordings of these events were made at intervals and during each 
injection. Urografin 76 per cent and hypaque, 85 per cent and 90 per cent, were injected with a 
sinple compressed air mechanical injector.* Cine-angiography was performed with a 35 mm. 
A-riflex camera mounted on a standard 5 inch Philips image intensifier. A monocular viewer 
e1 abled the radiologist to see through the shutter of the camera during filming. This allowed an 
N in-mediate assessment of the quality of each coronary angiogram. Exposure was controlled by a 
m llivolt meter connected to a photo-electric cell in the image intensifier. Fine grain film (Ilford 
F 93) was used for all angiograms. At a camera speed of 32 frames/second, average radiographic 
fectors were 10mA at 70kV. The 35 mm. film was processed commercially{ using a high contrast 
ri pid developer. A 16mm. copy was used for analysis and the 35 mm. film preserved as the master 


ci py. 


PRESENT INVESTIGATION 


The type of catheter used for injection was important. The earliest angiograms were performed 
u ing a standard Cournand cardiac catheter. Sufficiently rapid injection of the opaque medium 





_ c uld not be obtained due to the relatively small internal bore of the catheter: the jet from the 
f th: s ngle end-hole often forced opaque medium through the open aortic valves during left ventricular 
ween s stole, and this caused loss of medium from the aorta and resulted in poor filling of the coronary 
uliza- a teries. Through a Lehman wide bore catheter (7F) with four side holes placed spirally up to 2 
cn. from the open end-hole, it was found that contrast medium could be injected more rapidly and 
rellla kss reflux occurred into the left ventricle. A Lehman wide bore catheter with the end blocked 
base aad multiple side holes was then tried. Fourteen dogs were studied and no reflux occurred from the 
rter) aorta to the left ventricle. It appeared, therefore, that elimination of the end jet by blocking the 
trast catheter tip was essential. 
this A number of injections during sinus rhythm and cardiac arrest weré made with a double lumen 
ation balloon catheter as described by Dotter and Frische (1958), the balloon being inflated with oxygen 
tion. to occlude the ascending aorta, prior to the injection of contrast medium. Fair filling of the coronary 
ama! arteries was obtained with a smaller dose of contrast medium, but technical difficulties were encoun- 
mes. tered in positioning the catheter and in occluding the aorta. We therefore considered this catheter 
one unsuitable in our hands for application to human investigations. 

The effect of the position of the catheter was studied. With the heart in sinus rhythm, good 
filling of the coronary arteries was consistently obtained if the tip of the catheter was about 2 cm. 
above the aortic valve. If the tip was lower, it rested in an aortic sinus and only the near-by coronary 
artery was adequately filled. Ifthe tip was placed more than about 2 cm. above the valve, the medium 

b ke failed to enter the coronary arteries and was lost in the aorta. With cardiac arrest, the position of 
diun the catheter was not critical. Equally good filling was obtained with the tip just above the aortic 
liu valves, in the aortic arch, or in the descending thoracic aorta. 

etyl. Injection of contrast medium into the left ventricle was also tried. Eight injections in four dogs 
— were carried out with the modified Lehman catheter passed through the aortic valve into the left 
ventricle. Doses of medium were similar to those employed in the aortic injections. Good left 
— ventricular filling was obtained, but this obscured at least one major branch of a coronary artery 
mal (Fig. 1). When arrest was induced with acetylcholine, prior to left ventricular injection, much of 
ligh: the contrast medium was lost through the mitral valve. When sinus rhythm returned after 5 to 10 
‘igh seconds, the medium was so diluted with blood that no coronary opacification was obtained. 

Dug! 

car TECHNIQUE OF INJECTION 

hao A standard dose of 1 ml. of contrast medium per kg. of body weight was used. The lower 
lora viscosity, at body temperature, of urografin 76 per cent made it more suitable than hypaque 90 per 
nent * Manufactured by Talley Anesthetic Equipment Ltd., 37a New Cavendish Street, London, W.1. 


+ George Humphries & Company, Ltd., 71 Whitfield Street, London, W.1. 
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Fic. 1.—Dog in, left anterior oblique position. Injection of contrast medium into 
the left ventricle from a catheter passed through the aortic valve. Medium in 
the left ventricle obscures the anterior descending branch of the left coronary 
artery. Enlargement from contact print of 35 mm. cine-film. 


cent for rapid injection. Since the contrast was about the same with either medium, urografin 
76 per cent was preferred. Hypaque 85 per cent was available towards the end of the study and its 
viscosity and contrast were similar to urografin 76 per cent. No arrhythmias or hypersensitivity 
reactions occurred as a direct result of the injection of opaque media into the aorta. 

Rapid injection of the medium was found to be very important. Good filling of the coronary 
circulation was obtained only when the injection was completed in one second or less. The pressure 
in the ascending aorta just proximal to the site of injection was measured (Fig. 2). In sinus rhythm, 
this was found to rise approximately 20/15 mm. Hg. during the injection (Fig. 3). When asystole 
was induced and maintained during the injection phase with acetylcholine, the mean pressure rose 


about 10 mm. Hg. The rapid injection therefore produced a pressure gradient favouring a flow of 


contrast medium into the coronary circulation. 

Richards and Thal (1958) found it important to inject the contrast medium rapidly towards the 
end of systole and in early diastole, employing an electronically timed injector. They obtainec 
excellent coronary angiograms in men and we are now investigating this technique. 


RESULTS 


With the dogs’ hearts beating at about 140 a minute, it was apparent from the early cine film: 
that the contrast medium was being rapidly dissipated down the thoracic aorta by left ventricula: 
ejection. An attempt was made to reduce the left ventricular output by using the Valsalva manceuvre 
prior to the injection of contrast medium. The Beaver respirator was adjusted to give a positive 
intra-thoracic pressure of 25 cm. of water. The intra-thoracic pressure was later increased tc 
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Fic. 2.—Dog in left anterior oblique position. Radiograph showing the 
position of the two catheters in the ascending aorta. Injection of 
medium was performed through the upper catheter and the pressure 
was measured through the lower catheter. 


40 mm. Hg. by compressing an anesthetic breathing bag connected to the endo-tracheal tube (Fig. 4). 
These procedures were tried in five dogs and improved the coronary visualization but some contrast 
medium was still being lost down the aorta (Fig. 5). 

Prostigmine was used in doses up to 2 mg. to induce bradycardia in order to increase the 
diastolic filling of the coronary circulation. Atropine sulphate was found to be essential to prevent 





the undesirable side effects of bronchospasm, defecation, and micturition, but the heart rate was not 
then slow enough to improve the coronary artery filling. The short-acting drug edrophonium 
chloride (tensilon) was also tried in doses up to 20 mg., without atropine, but the reduction in 
pulse rate did not exceed 10 per cent and was without significant effect on the coronary filling. 
Gregg and Sabiston (1956) showed that coronary flow and coronary sinus drainage increased 
after the induction of asystole by vagal stimulation. We therefore decided to try angiography during 
cardiac arrest. Freshly prepared acetylcholine (Roche crystalline) was injected into the ascending 
aorta through the catheter. Although small doses of 0-5 mg. would sometimes stop the heart, 
5 mg. were needed to cause arrest lasting 5 to 15 seconds (Fig. 6). Consistently good coronary 
angiograms were obtained on 103 occasions during cardiac arrest without complication (Fig. 7). 
No systemic effects occurred from acetylcholine, probably because it wes destroyed in the coronary 
tirculation and aorta by the natural cholinesterase before it reached the peripheral circulation. 
During ventricular standstill, atrial activity sometimes continued as shown by P waves on the electro- 
‘tardiogram. Atropine sulphate, 0-6 mg. in 5 ml. saline, terminated asystole when injected through 
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Fic. 3.—Aortic pressure tracing illustrating the rise in aortic pressure during injection of 
15 ml. of urografin 76 per cent. Sinus rhythm. 
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Fic. 4.—Aortic pressure tracing illustrating the fall in aortic pressure during the Valsalva manceuvre. 
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the aortic catheter. This effect of atropine was reported by Burn and Walker (1954) using a Starling 
heart-lung preparation in a dog. They showed that small amounts of atropine, 10 to 20 mg., 
wold restore the rate in a heart slowed by acetylcholine. External electric stimulation, using 
elec trodes on the chest wall, was also found to be effective for restarting the heart even after prolonged 
arrest from 100 mg. of acetylcholine and 2 mg. prostigmine. 





Fic. 5.—Dog in left anterior oblique position. Coronary angiogram performed 
during a Valsalva manceuvre. Enlargement from contact print of 35 mm. 
cine-film. 


{| | lepcre. 143) 
AWM at 














\ Hg. 
, \ A | ! 
\ | \ \ 4 
\ 
—~ age LS 
ecg. fi ae 
mm. 
Smgn ACh. aS imi urog alee. ‘al Ve Nate a 


Fic. 6.—Aortic pressure and cardiographic tracings illustrating a period of cardiac arrest induced by 5 mg. of 
acetylcholine. The mean aortic pressure dropped from 120 mm. to 30 mm. Hg. 10 ml. of urografin was 





injected when aortic pressure had fallen to 45 mm. Hg. 
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Fic. 7.—Dog in right anterior oblique position. 10 ml: of urografin was injected into 
the aorta during cardiac arrest induced by 5 mg. of acetylcholine. Enlargement 
from contact print of 35 mm. cine-film. 


SUMMARY 


Visualization of the coronary circulation in live dogs was achieved by injecting Contrast medium 
into the ascending aorta with the tip of a special catheter 2 cm. above the aortic valve. For good 
results it was necessary to induce cardiac arrest with acetylcholine. No immediate complications 
were encountered in 103 injections, either from the contrast medium or from the cardiac arrest. 
Atropine was confirmed as a safe antagonist to the acetylcholine. 

It is thought that this method of coronary angiography may be applicable to the study of the 
human coronary circulation. 


The original idea for this investigation came from Dr. Aubrey Leatham. We thank him for his support throughout 
the project. We are grateful to Miss Denys Green who was responsible for the radiography and to Mr. J. G. Davies 
and his staff for their technical assistance. 

Dr. D. Howat and Dr. Pamela Ordish developed the method of anesthesia. 

Bayer Products Ltd. supplied hypaque 85 per cent and 90 per cent for clinical trial and from Roche Product: Ltd. 
we obtained edrophonium chloride (tensilon). 
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VECTORCARDIOGRAPHY IN MYOCARDIAL INFARCTION 
BY 


G. HOWITT* AND T. D. V. LAWRIE 


From the Department of Cardiology, Royal Infirmary, Glasgow 


Received April 24, 1959 


Standard limb leads and unipolar electrocardiography can provide valuable information in 
the diagnosis of myocardial infarction but there are occasions when the cardiographic changes are 
inc nclusive. It may be difficult to differentiate between pericarditis and myocardial infarction. 
Th: electrocardiographic changes in posterior or lateral infarction are not always characteristic. 
It s not always possible to decide whether there has been a fresh infarct superimposed on (a) a 
pre vious infarct, (b) left ventricular hypertrophy, or (c) bundle-branch block. An unusual anatomi- 
cal position of the heart can lead to great difficulties in the interpretation of electrocardiographic 
che nges. 

The introduction of improved cathode ray oscilloscopes has led to a renewed interest in vector- 
cardiography and a hope that, either alone or in conjunction with electrocardiography, it might 
throw fresh light on the diagnosis of myocardial infarction. Up to the present, however, there have 
been conflicting opinions as to its comparative value. 


MATERIAL AND METHODS 


The present article describes our attempts to assess the value of vectorcardiography in 50 cases 
of myocardial infarction. These were diagnosed on generally accepted clinical and electrocardio- 
graphic criteria (Myers et al., 1949; and Goldberger, 1957) and were made up as follows: 


Antero-septal infarction... ss .. 26 cases 
Posterior infarction .. a - .» iil icases 
Lateral infarction .. ie ve .. 4 cases 
Posterior and septal infarctions .. .. 9 cases 


In addition, 50 subjects with no evidence of heart disease and with normal electrocardiograms were 
included. 

The instrument used was the Cambridge vectorcardiograph. In each case static and deroule 
vectorcardiograms were recorded using a time marker interrupting the beam at 0-005 second 
intervals. The notation adopted was that recommended by Helm (1956) (Fig. 1). The electrode 
placings were those of the Cube system (Grishman and Scherlis, 1952); and the records were taken 
with the patient supine and in quiet respiration. 

The following measurements were made and features noted in all three planes. 


1. QRS Loop. (i) Maximum Vector. The distance between the null point and the furthermost 
point on the loop. 
(ii) Maximum Width. The widest part of the loop measured in an axis at right angles to the 
maximum vector. 
(iii) QRS Angle. The angle between the xx’ axis and the maximum vector. 


* Present address—Department of Cardiology, Royal Infirmary, Manchester. 
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». T Loop. (i) Maximum Vector. 
point on the loop. 

(ii) T Angle. The angle between the xx’ axis and the maximum vector. 

(iii) QRS/T Angle. The difference between the QRS and T angles. In normal cases the 
axis of the T loop usually lies in a clockwise direction from the axis of the QRS loop in 
the frontal and horizontal planes, and in a counterclockwise direction in the sagittal 
planes. For descriptive purposes, it was decided to limit the QRS/T angle to 180° or less. 
When measured in a clockwise direction the QRS/T angle was regarded as positive in 
the frontal and horizontal planes and negative in the sagittal plane; when measured in a 
counterclockwise direction it was regarded as negative in the frontal and horizontal 
planes and positive in the sagittal plane. 

(iv) Rotation. Direction of rotation of the loop. In several cases the loop was seen in the 
frontal or sagittal plane as a straight line, the afferent and efferent limbs being super- 
imposed. 


The distance between the null point and the furthermost 


RESULTS 


{ntero-septal Infarction (26 cases). The early forces in normal subjects are directed to the 
rig! t and anteriorly, but in antero-septal infarction these forces are lost, due to death of tissue on the 
ant rior and septal portions of the myocardium; the spatial loop is, therefore, directed posteriorly 
and to the left. These features are best seen in the horizontal plane and here the posterior displace- 
meit of the efferent limb of the loop gives rise to a rather narrow loop in many cases (Fig. 2). In 
4czses, there were initial forces anteriorly and to the right in the horizontal plane corresponding to a 
smz ll R wave in V1, but the loop then turned sharply posteriorly and to the left corresponding to QS 
coniplexes in V2, V3, and V4. Whereas, in the normal horizontal loop the QRS and T loops are 
bot: inscribed counterclockwise, in this group the loops were frequently inscribed in a clockwise 
direction and in 14 cases the two loops were inscribed in opposite direction. 

rhe loss of initial rightward forces was seen in the frontal plane and the loss of anteriorly 
directed forces in the sagittal plane. The range of values for the QRS/T angle was greater than nor- 
mal in all three planes. 

There was good correlation between the vectorcardiogram and the electrocardiogram as regards 
QRS complexes but in three cases the correlation between T loop and T wave in the horizontal 
plane was poor, mainly because of the small size of the T loop. 

Posterior Infarction (11 cases). According to vectorcardiographic description, this type of 
infarction is more accurately termed inferior myocardial infarction, because it affects the inferior 
(or diaphragmatic) surface of the heart. 

The diagnostic features in this group are seen in the sagittal and frontal planes. The horizontal 
plane, being at right angles to the electrical forces of the involved surface, is unaffected (Fig. 2). 

The main diagnostic feature was the superior orientation of the early forces in the sagittal and 
frontal planes. The ratio of the magnitude of these forces to the ensuing inferiorly directed forces 
was 0-40—co (normal group 0-0-27). This ratio corresponds to the QR ratio in lead aVF. 

In 9 out of the 11 cases, the contour of the QRS loop was abnormal with delay, notching, or 
abrupt changes in direction. These features are considered to be in keeping with disturbances of 
conduction which occur frequently in inferior infarction. 

There was good correlation between the vectorcardiogram and electrocardiogram as regards the 
QRS loop but in two cases the T loop correlation was poor. 

Postero-septal Infarction (9 cases). - In this group the diagnostic features are a combination of 
those found in antero-septal and posterior infarction. There are characteristic abnormalities in 
all three planes. 

In the horizontal plane there was absence or clockwise rotation of initial anterior forces, with 
posterior displacement of the efferent limb of the QRS loop. 

In the sagittal plane abnormal initial superior forces directed posteriorly and inscribed in a 
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Fic. 2.—Line diagrams illustrating the main features of a normal Vectorcardiogram 
and the three main types of myocardial infarction, taken from the present 
series. FRO=frontal; HOR=horizontal; SAG=sagittal, R=right; 


A=anterior; P=posterior; I=inferior. The arrows indicate the direction of 
rotation of the QRS loop. 

















counter-clockwise direction were the main features. In the frontal plane, the abnormal superior 
forces were directed mainly to the left. 

In three cases the changes of septal infarction were more obvious in the electrocardiogram ‘han 
in the vectorcardiogram, but in these the T loop correlation was poor. 

Lateral Infarction (4 cases). The diagnostic features are seen in the horizontal and frc ntal 
planes. In this type of infarction there is loss of forces on the lateral (left) surface of the heart; asa 
result the forces to the right are of greater magnitude than normal, corresponding to a large Q yave 
in leads I, aVL, and V6 (Fig. 2). 

In this group the ratio of initial rightward to ensuing leftward forces (horizontal plane) was 
0-3-2-0 (normal 0-0-224). In all four cases there was good correlation with the electrocardiog am. 

The details of results are recorded in Tables I, V, VI, and VII. 


DISCUSSION 


There are, at present, three major problems confronting workers in the field of vectorca: dio- 
graphy: (a) the reference system, (b) the method of analysis, and (c) the system of notation. 
There is considerable divergence of opinion as to what constitutes the best reference sys em. 
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VECTORCARDIOGRAPHY IN CARDIAC INFARCTION 


TABLE I 
MEASUREMENTS OF VECTOR Loops IN 50 NORMAL SUBJECTS 














| Frontal | Horizontal | Sagittal 
Maximum QRS vector (millivolts) .. | 13-6-20-°0 | 3-2-19-4 | 1-4-11-9 
Maximum QRS width (millivolts) .. 5-:2-21-4 | 1-0-12-4 | 1-0-8-1 

| | 0-8-5-2 


Maximum T vector (millivolts) may | 0-8-10-4 | 1-:2-5-7 





Iti: generally agreed that those systems in current use are “‘incorrect”’, and it is desirable to have a 
“c rrect” system that will give a more accurate representation of the spatial loop, without being 
toc cumbersome for practical purposes. Such a system has not yet been agreed upon, so it was 
decided to use one of the less accurate systems, namely the cube system. 

The systems used for reporting or analysis of electrocardiograms are unsuitable for the study of 
vectorcardiograms. It is usual to analyse vectorcardiograms either by noting qualitative features 
or by making quantitative measurements of certain portions of the loop. Where there is con- 
sid:rable abnormality in vectorcardiograms, qualitative changes in the configuration of the loops 
are easily recognized, and, when the abnormalities are characteristic, there is no difficulty in diag- 
no is, e.g. ventricular hypertrophy or myocardial infarction. More accurate interpretation of the 
ab:iormal vectorcardiograms will not be possible until quantitative measurements are available. 

Quantitative measurements of vector loops by reference systems that are electrically inaccurate 
cai:not themselves be accurate, but it does not follow that they are valueless, and some attempt at 
quantitative assessment should be made. An infinite number of measurements of vector loops 
could be made, and we have to select some to determine whether they give sufficient diagnostic 
information or not. There is at present no general agreement as to which measurements are likely 
to yield the most useful information. 

Initial Forces. Some workers attach great significance to the initial forces. Duchosal and 
Sulzer (1949) believe that, in myocardial infarction, the main changes are to be found in the initial 
forces of the QRS loop. Young et al. (1956) after a study of 30 cases of inferior myocardial in- 
farction considered that all had abnormal, superiorly orientated forces, during the initial stages 
of ventricular depolarization; these changes involve magnitude, direction, and duration. 

Grishman and Scherlis (1952) detailed their qualitative criteria for the diagnosis of diaphragmatic, 
posterior, antero-septal anterior, antero-lateral, and combined infarcts. These were based on the 
assumption that ‘‘whenever a significantly large area of myocradium becomes electrically inert, as 
with myocardial infarction, there is loss of electromotive forces normally contributed by that area 
during the spread of the wave of accession’”’. 

If this view is accepted, the vector loop in myocardial infarction will assume a new spatial 
position, diametrically opposite to the involved portions, and the entire loop will be affected in this 
way. Even so, variation in magnitude or form of the initial forces can be of value in the diagnosis 
of myocardial infarction. Here again we meet with difficulty as there is no general acceptance as 
to what are “initial forces”’. 

The definition adopted in the present investigation is useful, since it reflects the presence of 
abnormal Q waves occurring in most cases of myocardial infarction. Nevertheless, while it is 
natural to try to relate the vectorcardiogram to the electrocardiogram, it is desirable to have a 
method of analysis that is independent of electrocardiography. 

Another method of estimation of initial forces is to measure the angle between the xx’ axis and 
a line joining the null point to a point on the loop reached at a specified time. The results are 
recorded in Table II. The value of this measurement varies according to the site of infarction. 

Antero-septal Infarction. In the horizontal plane, it was seen that, in the case of the direction 
of the 0-010 second vector, there was an overlap with the normal group; this was not so-in the 
1 
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TABLE II 
DIRECTION OF THE 0-010 Sec. AND 0-015 Sec. VECTORS 
Group | Plane | 0-010 sec. vector | 0-015 sec. vector 
Normal .. | F 0°-356° 0°-356° 
| H 151°-15 145°-0' 
| § 305°-90 300°-93° 
Posterior (Inferior) infarction . . F 211°-305° 218°-352 
H 154°-0° 145°-0° 
S 269°-306 260°-293° 
Posterior and septal infarction | F 242°-332 246°-332 
| 150°-337 180°-337 
S 206°-290 202°-290 
Antero-septal infarction F | 280°-345 218°-317° 
H 150°-320° 160°-320° 
S 294°-328 270°-307° 
Lateral infarction F | 142°-183 142°-188 
H 192°-142 186°-145 
S | 7°-172° 25°-174° 





case of the 0-015 second vector. The “‘discrepancies”’ in the direction of the 0-010 second vector 
(i.e. those which overlap the normal) were due to small initial forces that curved anteriorly and 
to the right for a short distance, before turning sharply posteriorly in a clockwise direction not 
counter-clockwise as in the normal. The small initial forces corresponded to a small initial R wave 
in V1; in this small group of cases, the changes of myocardial infarction were confined to V2 and V3, 
or V2, V3, and V4. In the sagittal plane, this small group accounted for those vectors (both 0-010 
and 0-015 seconds) that were directed anteriorly. F 

Posterior (Inferior) Infarction. The directions of the 0-010 second and 0-015 second vectors in 
the frontal plane were not outwith the normal range but were all orientated superiorly. The figures 
for the horizontal plane were within normal limits, as expected. The diagnostic features were seen 
in the sagittal plane in the case of the 0-015 second vector, the range being beyond normal. 

These findings are in keeping with those previously reported by Milnor et al. (1951), using the 
direction of the 0-012 second vector and the tetrahedral system. 

Pearce and Chapman (1957) reached a similar conclusion in a larger series of cases with patho- 
logical confirmation. Their reference system was essentially the tetrahedral system and they con- 
cluded, after studying the direction of the 0-010 second and 0-020 second vectors, that the 0-20 
second vector in the sagittal plane was more accurate in the diagnosis of posterior (or inferior) 
myocardial infarction than the electrocardiogram. Our own series is too small to draw any 
definite conclusion regarding the value of 0-015 second vector using the cube system, but the findings 
are suggestive and worthy of further study. 

Posterior and Septal Infarction. In the frontal plane, the results were within normal limits for 
both the 0-010 second and 0-015 second vectors. Abnormal findings were present in both the 
horizontal and sagittal planes. In the horizontal plane the directions of the 0-010 second and the 
0-015 second vector were more posterior than normal, while in the sagittal plane, the 0-010 second 
and 0-015 second vectors lay in Quadrant 3, the normal vectors lying in Quadrants 4 and 1. 

Lateral Infarction. In this group the results in all three planes were within normal lit iits 
for both the 0-010 second and 0-015 second vectors. The vectorcardiograms in the horizo ital 
and the frontal planes, however, were obviously abnormal for the forces to the right, i.e. away fiom 
the site of the infarct, which is located in the left side or lateral wall of the left ventricle, were gre::ter 
than normal. This is not altogether a surprising finding since the lateral wallof the left vent icle 
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is probably not depolarized in the early stages of the cardiac cycle and hence the earliest forces 
remain unaffected. 

Since the direction of the 0-010 second and 0-015 second vectors seemed to give no help in the 
di: gnosis of lateral myocardial infarction, we considered whether measurements of the magnitude 
of the early forces in the vectorcardiogram might yield more useful information. These measure- 
ments were made as described and the results are given in Table III. Using these criteria, all the 
ca:es of infarction gave values outside the range of normal. It is of interest to note that in all 
ve torcardiograms taken, the ratio of superior to inferior forces was the same in the frontal and 
sa ittal planes and of the rightward to leftward forces in the horizontal and frontal planes. 


TABLE Ill 
RATIO OF FORCES IN NORMAL SUBJECTS AND IN CASES WITH MYOCARDIAL INFARCTION 





Initial rightward forces Initial superior forces 


| 
| 
| 





Subsequent leftward forces | Subsequent inferior force 














Normal. . oe 2 0-0-224 0-0-273 
Av. 0-09 Av. 0-99 
Lateral infarction oe 0-3-2:0 | oo 
Posterior infarction .. -= | 0-3-0 
Post.-septal infarction. . os | 0-66-0 





It does appear from our results that the direction of the 0-015 second vector has considerable 
diagnostic value, except in lateral infarction where measurement of the ratio of the magnitude of 
rightward to leftward forces is of more value. However, this time interval of 0-015 seconds is an 
arbitrary one and it is likely that if a longer one were chosen, the method might well be of value in 
the diagnosis of lateral infarction also. 

Body and Terminal Forces. It has been shown how myocardial infarction can modify the body 
of the QRS loop. The loop in the sagittal plane in posterior infarction is frequently of a bizarre 
shape, and in anterior infarction the body is narrowed and displaced posteriorly. The infinite 
variety in the contour of the loop makes accurate mathematical analysis difficult. Even measure- 
ment of the major QRS axis is difficult to standardise, for example, when the loop is sickle-shaped. 

Although the terminal forces were analysed in detail, we have the impression that little can be 
gained from their study in most cases of myocardial infarction. They may, however, be important 
in some infarcts of unusual position. 

QRS and T Loop Rotation. It was noted that in infarction involving the septum and in lateral 
infarction rotation of the QRS loop in the horizontal plane was often clockwise, and in posterior 
infarction the rotation in the frontal and sagittal planes was frequently the reverse of normal. The 
T loop rotation appeared to be less frequently affected, though sometimes it was linear in the frontal 
and sagittal planes making determination of rotation difficult. 

In the normal QRS loop in the frontal plane there was frequently a small initial loop inscribed 
in the opposite direction to the main body of the loop, corresponding to the initial forces to the right 
and anteriorly seen in the horizontal plane. In some instances the QRS “‘loop”’ consisted of two 
or more small loops. In the table the direction of rotation of the longest portion is recorded. 

QRS/T Angle. The range of values in all cases of infarction was wider than normal and this 
measurement did not appear to be of any specific value in localizing the site of infarction. 

Amplitude of QRS and T Loops. There was a very wide range of values in the normal group 
(see table) and considerable overlap between normals and cases with infarction. 

For this reason we found the measurements to be of no value. 
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ORS Plane. Schellong (1939) reported his observation that in normal subjects the spatial ( RS 
loop lies approximately in a single plane. Rochet and Vastesaeger (1939) confirmed and exter ded 
this observation, reporting the variations of normal. More recently Milnor (1957) has g ven 
quantitative expression to the QRS plane by means of the panoramic vectorcardiograph. As 
Milnor has pointed out, the fact that the normal spatial QRS loop lies in approximately a si igle 
plane is rather surprising. When one considers the complex structure of the ventricular musc ila- 
ture and the numerous possible pathways along which the depolarization impulse passes, : is 
surprising under these circumstances that the termini of the successive instantaneous vectors sh: uld 
lie in one plane. 

The position of the QRS plane is of practical importance because variations of its posi ion 
explain to a large extent the variability of electrocardiographic patterns in normal subjects. 

Grant and Estes (1953) and Milnor (1957) suggest that rotation or variation in position of the 
QRS plane is not necessarily related to rotation of the anatomical position of the heart; it se »ms 
more likely to be related to natural variations in the structure of the ventricular muscle and the 
sequence of ventricular depolarization. 

By a study of wire models, we were able to classify our cases of myocardial infarction according 
to Milnor (1957). Using these criteria, 11 of our patients with myocardial infarctions had vector- 
cardiograms that appeared to be within normal limits, and in others similar abnormalities occurred 
in different types of infarction (Table IV). This would suggest that this classification can offer 
little help in the diagnosis of myocardial infarction, but a proper evaluation will not be possible 
until we have more knowledge of the relationship between the QRS plane and the pathway of 
ventricular activation. 

System of Notation. There is, at present, no general agreement about the method of viewing 
planes or the method of designating and measuring angles.in vectorcardiography. In 1954, the 
Committee on Electrocardiography (American Heart Association) in their section on vector- 
cardiography, recommended viewing the sagittal plane from the left and the horizontal plane from 


TABLE IV 
CLASSIFICATION OF THE QRS PLANE 





Abnormal QRS plane 
Normal QRS plane |———__— ——s 

















(5°-165°) | Outwith normal Abnormal Bent or 
range contour distorted 
Normal oe oe 50 — a | —_ 
Posterior infarction. . | 3 | — 3 3 
Posterior and septal 
infarction : 2 2 — | 5 
Antero-septal 
infarction 6 3 5 12 





Lateral infarction .. | — _— 1 | 3 





above (the frontal plane is viewed from the front). Helm (1956) discussed the problem of poli rity 
and measurement of vector angles from the trigonometric point of view and suggested two pos ible 
schemes, one of which was in agreement with the arguments put forward by Robertson (1957) ‘hat 
the movement of the cardiac vector towards the observer should be represented as positive. Acc ord- 
ing to these workers (a) the frontal plane is viewed from the front of the patient, (b) the sag ttal 
plane from the left, and (c) the horizontal plane from below. The alternative scheme of He m’s 
is essentially that employed by Grishman and his co-workers, using the Cube system. 
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TABLE V 


ANALYSIS OF THE FRONTAL PLANE VECTORCARDIOGRAM OF 50 NORMAL SUBJECTS AND 50 PATIENTS WITH 
MYOCARDIAL INFARCTION (see footnote) 





| Normal 
































| | Posterior | Postero-septal | Antero-septal| Lateral 
Ne ofcass ..  ..| — | 30 | 1 es a ae. 
Ini al forces | — | 48 | 11 | 9 14 | 
Ini al direction .. ) sk | 35 “Oe OAS SME ee: Say he 
SL — o- | 6 | 5 | — 
| IR | 13 — — | 4 | 3 
B.: 2 — ae | 14 | = 
Lo ation of QRS and of T | ! 50 (50) | 9Q) | 6(4) | 21 0) | 1 
| ops | ane 1 ( | 
1 2 howe OP | Q) | 1(5) | 1 (1) 
2 oe | 28) | 3(3) | 4(1) | I 
QI 5 angle of — | 8-$3° | 339-36 | 354°-33° | 266°-31° | 349°-198° 
> ar ree aa | 15°-65° | 301°-12 | 221°-57° | 349°-197° | 43°-200° 
Qk 3/T angle |} — | =15°-39° | —58°-0° | —151°-24° | —176°-180° | —149°-142° 
RoationQRS .. ..| CC | 27 0 1 | 18 | 3 
Cc | 23 11 8 8 | 1 
Ro‘ation T }oc | 3 | 4 | 6 fl la | 
i ¢ | 7 7 | 3 9 | 2 
QkS:Trotation.. ..| CC:cc| 32 | oOo | 1 x | I 
CC: CC ; | 0 | 0 | 7 | 2 
C:C 4 2 | 0 
C:CC | 7 | 4 4 6 1 








Footnote to Tables V, VI, and VII 


S=superior; I=inferior; R=right; L=left; A=anterior; P=posterior. The figures describing the location of 
QRS and T loops refer to the quadrants in which these loops lie; the figures surrounded by brackets refer to the 
T loop and the figures without brackets to the QRS loop. The angles are measured in degrees (see Fig. 1). C=clock- 
wise rotation; C.C.=counter-clockwise rotation (for further details, see text). 


We decided to use the Cube system, and the method of viewing adopted by Grisham and 
Scherlis (1952) but we have recorded QRS and T angles over the range of 0°-360°. This is the 
method described by Helm (1956) (Fig. 1). 

The differentiation of myocardial infarction from left ventricular hypertrophy and strain, 
particularly when the two are combined, presents difficulties. 

In anterior (antero-septal) infarction the loss of the anterior forces leads to a more posterior 
displacement of the loop, thus simulating the effect of left ventricular strain, and the frequently 
associated lateral ischemia gives rise to a large QRS/T angle, also found in left ventricular strain. 
It would be expected that the degree of posterior displacement, and the magnitude of the maximum 
QRS vector, would be greater in left ventricular strain than in infarction. Wolff (1955) pointed out 
that, if hypertrophy occurs in cases with anterior infarction, it must involve the uninfarcted muscle 
fibres of the lateral and posterior walls. These changes would have the same effect on the mid and 
late cardiac vectors as anterior infarction, causing augmentation of the electrical forces in a posterior 
and superior direction away from the electrically inert area of anterior wall. This, however, would 
not affect the configuration of the initial or earlier forces, which would remain diagnostic of anterior 
infarction. He found that the abnormalities in the maximum vector and QRS angles in the hori- 
zontal plane are similar in left ventricular hypertrophy and anterior infarction, but that the loop in 
infarction is much narrower, presumably because alteration in the initial forces essentially affects the 
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TABLE VI 


ANALYSIS OF THE HORIZONTAL PLANE VECTORCARDIOGRAM OF 50 NORMAL SUBJECTS AND 50 PATIENTS WIT 
MYOCARDIAL INFARCTION (see footnote) 









































Normal Posterior | Postero-septal| Antero-septal Latera! 
aa“ | OCOUlll 50 rT 9 26 : © 
Initial forces... sa 48 | 10 | 3 7 * 7 
Initial direction .. iia AR 48 11 | 1 4 4 < 

AL 2 we _™ 1 ‘as 
PR 1 0 | 2 3 nied 
PL iin | 0 | 6 18 ee 
Location of QRS and of T 1 13 (40) | 2(8) | (3) (6) - 
loops 2 — (1) (3) (14) 263 
3 — | — — (2) a 
4 37 (10) 9(2) | 9 (3) 26 (4) 2 
QRS angle aa = 332°-11° | 335°-4° | 318°-356° | 290°-354° | 314°-135 
ae. «= «wl = 342°-55° | 322°-80° | 328°-139° | 8°-356° | 312°-164° 
QRS/Tangle .. ..|  — —11°-49° | —32°-62° | 0°-175° | —177°-180° | —165°-11° 
RotationQRS .. ..| CC 50 ar 4 13 . F 
Cc as | 0 5 13 3 
RotationT ..  ..| CC 50 ot 8 15 - | 
Cc wi | 0 1 11 2 
QRS:Trotation.. ..| CC:cC | 50 | ot 3 | 7 —— 
CC: CC tp ioe 1 | 6 in 
oe, — = — 5 2 
C:¢ sie in 5 8 11 








efferent portion of the QRSloop. He also found that in left ventricular hypertrophy and left bundle- 
branch block, QRS and T loops were inscribed in the same direction, whereas in anterior infarction 
the two were usually inscribed in opposite directions. 

When the infarction is confined entirely to the inferior or posterior surface, the horizontal plane 
shows no abnormality. When lateral ischemia is present in addition then the QRS/T angle in the 
horizontal plane will be increased but theoretically there should be no displacement of the loop 
posteriorly as would be expected with left ventricular hypertrophy. 

In lateral myocardial infarction, the distortion of the loop in the horizontal plane, due to loss 
of forces on the lateral or left surface of the heart, obscures the change that might arise from an 
associated left ventricular hypertrophy. 

In 33 of our patients infarction involved the septum and 7 of these had previously had hyp:=r- 
tension (diastolic pressure greater than 95 mm.Hg) or had hypertension at the time the tracing vas 
taken. The QRS angle in the horizontal plane in these seven varied between 290° and 325°. 
In two the angle was less than 315° which was the position of the most posteriorly placed QRS vec or 
in the normal and posterior infarction groups. 

Of the 26 cases with normal blood pressure the QRS was below 315° in only one. The Q’S 
angle for these 26 cases was 304°-356° (normal 315°-11°), indicating that the QRS vector in sey ‘al 
infarction lies in the more posterior range of normal. 

Comparison of Electrocardiography and Vectorcardiography. The most obvious question t at 
arises from a study of vectorcardiography, whether it be in myocardial infarction or any other t: pe 
of heart disease, is whether vectorcardiography has any advantage over electrocardiography. 

Den Boer (1952) concluded that the vectorcardiogram had not been found useful in the diagn« sis 
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VECTORCARDIOGRAPHY IN CARDIAC INFARCTION 


TABLE VII 


ANALYSIS OF THE SAGITTAL PLANE VECTORCARDIOGRAM OF 50 NORMAL SUBJECTS AND 50 PATIENTS WITH 
MYOCARDIAL INFARCTION (see footnote) 






































| | 

| Normal Posterior | Postero-septal| Antero-septal| _ Lateral 
No.ofcaes .. ..| — | 50 x 9 | 26 | 4 
Init.lfores ..  .. | — 2 = oe ee en ec 
Init ildirection .. ..| AS | 34 11 1 mr: | 1 
AI | 16 i [oe 5 3 
[a | ae _ | x 8 | = 
PI — | — — 13 — 

Loc tionof QRSandofT| 1 17 (34) | 3) | (2) (7) | 1 (2) 

Ic ops 2 32 (16) | 5 (1) 4 17(5) | 1 (2) 
|} 3 | 5 (1) 5 (2) 6 | 1 
4 | — | 1(6) | (3) 2 | 1 

QR.ange .. ..|  — 58°-154° | 90°-281° | 144°-250 9°-352° | 338°-240 

rr we 30°-125° | 241°-23° | 6°-330° 310°-128° |  2°-180° 

QR Tangle .... we —63°-86° | —174°-179° | —94°-160° | —175°-153° | —129°-150 
RotitionQRS .. ..| CC | 9 | 8 9 | 0 
ime 49 | 2 17 4 
RotationT ..  ..| CC am - 7 ; 10 3 
| C 50 5 | 8 16 1 
QRS: T rotation. . a ) Sree — 4 1 3 0 
CC:C | 5 7 6 | 0 
C:¢ 49 sos i 10 | i 
=i i 2 oa 7 | 3 





of myocardial infarction but was of great help in understanding the electrical phenomena in this 
condition. In particular, he states, infarctions that are manifested in the chest leads only have 
no characteristic vectorcardiogram. He also claims that vectorcardiograms in left ventricular 
hypertrophy may be indistinguishable from the vectorcardiograms in antero-septal infarction. 

Grishman (1954) points out that, with the vector concept, the older theory of the origin of the 
Q wave in the electrocardiogram being due to a “window effect”’ reflecting the potential of the left 
ventricular cavity, through an inert portion (infarct) of the ventricular wall, is no longer tenable. 
He claims that the electrocardiogram, in certain cases of infarction, does not show Q waves and the 
vectorcardiogram is more likely to reveal abnormality in that it shows a displacement away from 
the affected area. He concludes that the vectorcardiogram can help to diagnose myocardial 
infarction more frequently than the electrocardiogram. 

Wolff (1955) concluded after a study of 50 cases, with autopsy data, that vectorcardiography was 
superior in the localization of infarction, anterior, posterior, or septal, and in the detection of mul- 
tiple infarcts. Young et al. (1956) in a study of 30 cases of inferior infarction, with limited post- 
mortem confirmation, were also of the opinion that vectorcardiography is more accurate. 

In a study of only 50 cases it would be impossible for us to give a definite opinion as to which 
method is superior, but certain tentative conclusions can be drawn. In the first place, vectorcar- 
diography and electrocardiography are merely different forms of presentation of the same electrical 
forces; electrocardiograms are a scalar function of time, vectorcardiograms are a vector function of 
time. The one form of recording may show certain features more readily than the other and vice 
versa; the one does not replace the other; they are complementary. In the second place, the 
method of analysis at present favours electrocardiography in that quantitative measurements, 
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especially of time, are most readily made; in vectorcardiography quantitative measurements : 1ay 
be extremely difficult in certain cases. Furthermore, there is, at present, in vectorcardiogra shy 
no general agreement as to which is the best reference system or the best system of notation o1 the 
best quantitative measurements. 

There is little doubt, however, that vectorcardiography has been very valuable in understan: ing 
and providing a rational explanation for the changes found in electrocardiography. Our img ‘es- 
sions are that, at present, there is little to choose between the two methods in the diagnosi of 
myocardial infarction in its usual locations—septal, posterior, and lateral. In certain ways, elec ro- 
cardiography is superior, e.g. in cases of acute myocardial infarction. 

The main test as to the superiority of the one method over the other does not appear to lie in the 
ability of either to diagnose the more commonly occurring infarctions but in those listed in the 
introductory paragraph where diagnosis by electrocardiography is known to be difficult. 

We have not attempted to study, in particular, the role of vectorcardiography in the diagnosis of 
multiple infarcts, in the diagnosing of infarctions in unusual sites, or in the differentiation of inf ire- 
tion from pericarditis. In the present series we had little difficulty in diagnosing myocardial 
infarction associated with right bundle-branch block, but the electrocardiographic tracings produced 
no great difficulties either; it will be interesting, however, to see if vectorcardiography has any 
greater diagnostic value than electrocardiography in the diagnosis of myocardial infarction associated 
with left bundle-branch block. 


SUMMARY 


The vectorcardiograms of 50 patients with myocardial infarction and of 50 normal subjects 
have been analysed. 

The problems of analysis, qualitative and quantitative, and of notation and system of recording 
have been discussed. The merits of electrocardiography and vectorcardiography in the diagnosis 
of myocardial infarction have been compared. There is little to choose between the two methods 
in the majority of cases, but it would be desirable to investigate further the value of vectorcardio- 
graphy in those presenting most difficulties in electrocardiographic diagnosis, and preferably with 
necropsy control. 


We should like to thank Dr. J. H. Wright for his permission to use the patients under his care, and for his helpful 
criticism. We should also like to acknowledge the valuable comments made by Dr. Douglas Robertson in the 
preparation of this paper. 
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A SENSITIVE AND STABLE EARPIECE FOR DYE DILUTION 
CURVES 
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The measurement of cardiac output, from the study of the concentration of a circulating dye 
against time, has in the past been most commonly carried out using whole blood cuvettes (Fried- 
lic 1 et al., 1950; Falholt and Kaiser, 1955; Shadle et a/., 1953; Nicholson et a/., 1951). Ata wave- 
le: gth of 640 millimicrons the density of arterial blood flowing at a constant rate between the photo- 
ce |s and light source is continuously recorded, and the curve calibrated for dye concentration by the 
analysis of a single sample taken after the dye is evenly distributed, or the analysis of an aliquot 
of the blood collected throughout the inscribed curve (Emanuel et a/., 1957). Qualitative assessment 
of intra-cardiac shunts has also been carried out during cardiac catheterization using similar pro- 
cedures (Swan et al., 1953; Broadbent and Wood, 1954). The growing importance of this type of 
dye curve has stimulated interest in the substitution of a reliable earpiece for the whole blood cuvette, 
where the primary need is for a series of dye curves from the various chambers and great vessels 
carried out in rapid succession. While linearity of the earpiece in this application is of lesser im- 
portance than stability and high sensitivity, it is an advantage if the resulting curves can be used 
quantitatively where necessary. A number of earpieces have been previously described in associa- 
tion with apparatus for measuring the arterial oxygen saturation in the heat flushed ear (Millikan, 
1942; Wood, 1950; Stott, 1953; Milnor et a/., 1953) and these have been used for the continuous 
recording of the arterial concentration of Evans Blue. 

The continued use of whole blood cuvettes, necessitating arterial puncture and the withdrawal 
of considerable quantities of blood when serial curves are recorded, is to some extent a reflection of 
the difficulties that have been experienced in the design of accurate earpieces. 

The instability of dye-measuring earpieces at the sensitivity at which it is necessary to use them 
has always been a problem. It arises from four main causes: (a) the necessity for high gain D.C. 
amplifiers as a result of the extremely small electrical output from the earpiece, (b) movement of 
the earpiece independently of the ear, (c) volume changes occurring at the ear as a result of peripheral 
arterial pressure changes, and (d) “thermal drift,’ due either to inadequate initial vasodilatation 
or to the heating of the photo-cells themselves when measurements are prolonged. In instruments 
that use barrier layer photo-cells, deterioration of the sensitive surface as a result of the effect of 
harmful vapours has in the past prevented a sufficient long-term stability for the accurate comparison 
of dye curves recorded over a long period of time. 

This paper describes an earpiece designed specifically for the accurate recording of dye curves 
for qualitative and quantitative purposes. Using the principles outlined in an earlier paper (Norman, 
1959) many of the criticisms of the use of earpieces for this work have been effectively met, and the 
unit is both linear and stable. Since almost all dye curves are recorded with the patient supine, 
there seemed at the outset to be no point in attempting to make the instrument very small, for, 
provided that the actual attachment to the ear is of convenient size, the dimensions and shape of the 
rest of the earpiece are not material. As will be seen, this view has produced a unit that is large by 
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present standards, but one where the size permits the incorporation of systems designed to av did 
the difficulties of instability described. 

The electrical output from the earpiece itself, which uses a 16 watt light source, is sufficien to 
feed directly into the recorder amplifier, and the large change in signal produced by the dye inject on 
ensures an extremely high “signal/noise” ratio. Because of the size of the light source, air cooi ing 
is used to maintain the whole unit at body temperature, and the earpiece may be left in position for 
six hours or more without ill effect. 

Objections to the use of barrier layer photo-cells have been over come by sealing the infra-red : nd 
red sensitive cells in a block of resin. The leads are soldered to the sprayed-on contact surfaces of the 
photo-cells before embedding, and are brought out through a moulding at the side of the resin block 
(Fig. 1). This produces a completely airtight assembly and prevents the effects of harmful vapc urs 
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Fic. 1.—Diagram of sealed photo-cell assembly, showing (A) epoxy resin block, (B) red 


sensitive cell, and (C) infra-red sensitive cell. 


on the sensitive surfaces of the cells. Short-term instability, or “flicker,” often due to the spring 
devices previously used to obtain electrical contact has been entirely eliminated, and the sealed 
photo-cell unit may be subjected to severe vibration without intermittency of this nature arising. 
A further advantage of this type of cell assembly is that the relative position of the two cells is fixed. 


CONSTRUCTION 


The body of the earpiece (Fig. 2) is formed from black perspex block, and is machined to form a 
cylinder 4-5 inches long by 1-75 inches O.D. A wall of 0-375 inches leaves an internal bore cf | 
inch. At a point 1-5 inches from one end a smaller tube of O.D. 0-75 inches is set into the wall 
at right angles to the long axis. The outer end of this smaller tube is faced with 1/16 inch pers ex 
(J) and forms the window of the light source. 

At the same end of the cylinder a disc carries a single contact batten holder for a pear-sha ved 
16-watt bulb (C). Opposed pins fitted to this disc engage with the low tension sockets (F) in ‘he 
body of the earpiece. A perspex plate closes this end of the unit (G). At the upper end of the 
cylindrical body (E) an end cap carries a six pin Mk IV socket (A) from which the supply to the light 
source is carried through the wall of the cylinder to the low tension sockets. From this Mk IV 
socket the three wires to the photo-cell block are also carried through the wall of the earpiece bc dy. 

Two Luer taper female entries (B) connect with airways in the wall of the unit, and carry the 
cooling air (H) directly to the perspex face in contact with the ear, and the exhaust air (D) fi 9m 
behind the light source out to the atmosphere. 
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EARPIECE FOR DYE DILUTION CURVES 
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Fic. 2.—Constructional details of earpiece. For 
explanation see text. 


{n Fig. 3 may be seen a plan view of the earpiece with the upper end plate removed, and from 
this it may be seen that the photo-cell housing, which also serves to attach the unit to the ear, is fitted 
to the body of the unit by a knurled nut (G) ona 2 BA stud. The side arm of the photo-cell housing 
is formed with a short oval slot, and the necessary degree of movement of the photo-cell housing 
relative to the perspex window (B) is effected by movement of the slot over the stud. The maximum 
ear gap (E) is 0-5 inch. 

Beneath the 1/16 inch perspex cover of the photo-cell housing are set the infra-red (Ilford 207) 
and red (Ilford 205) gelatine filters (D), and behind them is the epoxy resin block containing the red 
and infra-red photo-cells (A). The three wires from this unit are taken down the hollow side 
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Fic. 3.—Detail of arrangement of photo-cell housing. For explanation see text. 
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arm of the cell holder, and pass through an oval hole into the wall of the earpiece (C). The ler 2th 
of this oval hole ensures that the wires are not damaged when the photo-cell block is moved rela ive 
to the light source window. 

At (F) may be seen the short stub and its connection which brings the inlet air as close to his 
window as possible. A five-way cable is formed as part of a polyvinyl chloride tube having t! ree 
channels. The other two channels carry the cooling air to and from the unit, and are terminate: in 
male Luer tapers which match the tapers in the end plate of the unit. The output from the earp 2ce 
is taken to the matching unit previously described (Norman, 1959) and thence to a high sf :ed 
Honeywell Brown Chart Recorder with a maximum deflection of 230 mm. A second signal char nel 
is fitted to this recorder and the moment of dye injection is signalled, either manually or by an av to- 
matic dye syringe. The complete earpiece with airlines attached may be seen in Fig. 4. 





Fic. 4.—Earpiece with air lines and cable form attached. 


’ PERFORMANCE 


Stability of the instrument has been confirmed at the sensitivity at which it is used, while exclucing 
possible variation in a subject, by the use of a neutral density filter, representing the bloodless ear, and 
two thicknesses of Ilford 205 gelatine filter, representing the blood content in the flushed ear. his 
assembly is interposed between the light source and the photo-cell housing, and produces the s: me 
balance position and sensitivity on the recorder as is produced when the earpiece is transferred to the 
flushed ear of anormal subject. Using this “artificial ear” for timed stability recordings, it is poss ble 
therefore to relate the drift to its equivalent in terms of mg./l. of Evans Blue. 

Over a two-hour period the maximum deviation recorded on the instrument described is 1-0 
mg./I., while ten-minute periods show maximum deviations of the order of 0-3 mg./I., Evans E ue. 

Using cooling air at a flow rate of 10 1./min., the temperature of the body of the earpiece < ‘ter 
two hours is 36° C., and that of the photo-cells 25° C., when the ambient temperature is 21 C. 
It will be seen that even very long periods of use will not appreciably raise the temperature of the 
photo-cells, and the mass of the earpiece ensures a long heating/cooling cycle. Maximum sensiti ‘ity 
is of the order of 0-3 mg. Evans Blue/l. (whole blood)/cm. deflection. 
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Confirmation of the linearity of earpieces used for dye dilution work is not an easy matter, since 
an/ instrumental substitution for the ear may introduce factors not present when the earpiece is 
us d on the heat-flushed ear. It was thought desirable that the linearity of the apparatus should be 
co \firmed if possible under the circumstances of normal use, since this is the situation in which 
mi ch deviation from linearity would cause the greatest error if the unit were used quantitatively. 

Additions of equal increments of Evans Blue to the circulation will raise the background level 
of lye progressively, and dye-measuring instruments that are not linear will show variations in the 
inc cated peak concentration and equilibration levels, if repeated dye injections of equal amounts 
ar: made against this rising background. 

This was the method used for the earpiece described; repeated injections of 10 mg. of Evans 
Bl e were made into the same site in resting subjects with no intra-cardiac shunts, and the identical 
inc cated peak concentrations, measured as a function of deflection, confirmed that the linearity of 
the unit is satisfactory for quantitative work. 

An example of the accuracy with which curve shape may be reproduced following injections into 
same site may be seen in Fig. 5; this illustrates the second and third injections out of a series of 
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CURVE REPEATABILITY USING EARPIECE 
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Fic. 5.—Consecutive dye curves recorded from the right ear. Left pulmonary artery, 20 mg. indigo carmine, 
sensitivity 7. 


four made into the left pulmonary artery. It will be seen that in spite of the rising background of 
dye concentration the peak deflection is identical in both curves. 

It will, however, be clear that against a progressively increasing level of dye in the circulating 
blood some loss of sensitivity for each successive dye injection must ultimately ensue, since the incre- 
ment of dye must be less easily detectable against a blue background than against a red one. That 
this is true may be seen from the low amplitude dye curves obtained when using a blue dye in patients 
with central cyanosis. It is possible to maintain a broadly linear function using the earpiece, only 
because the total absolute density of dye in the blood, after the maximum number of injections 
that may be cosmetically acceptable, is still low when compared with the injected dye. 


COMMENT 

In spite of the size of the earpiece, no difficulty has been experienced in fitting it routinely to the 
pinne of adults, and to those of children down to the age of about four years. A smaller unit is 
being developed for use with infants from birth onwards. 
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It has been our practice to massage the ear with a rubefacient cream (“Trafuril,” Ciba, L d.) 
some fifteen minutes before the investigation starts and to remove the cream by brisk mass ige 
with a dry towel immediately before applying the earpiece. No difficulty has been experience: in 
ensuring that the ear is left fully flushed, since the edge of the clear perspex cover of the photo- :ell 
housing gives a ready indication if blanching occurs. The earpiece is applied with just suffic. =nt 
tension to hold it in place with no discomfort to the patient. 

Because the length of the light path is fixed, and no spring devices are used to fix the unit to ‘he 
ear, arterial pulsation artefacts, which are due to alterations in the light path length caused by voli me 
changes in the ear, are not seen when using this earpiece. 


SUMMARY 


A highly stable earpiece for dye curves is described. Large by present standards, the unit uses 
cooling air to maintain it in thermal equilibrium while keeping the heated ear fully blood flushed. 
A high intensity light source is used to produce a large change in output from the photo-cells, «nd 
this may be taken directly to the recorder amplifier. A high “signal/noise” ratio is thus obtained. 
The photo-cells themselves are hermetically sealed in an epoxy resin block, a method that ensures 
excellent short and long term stability. 

The overall sensitivity is such that central injections of 5 mg. of Evans Blue or equivalent amounts 
of other dyes will produce deflections of up to 25 cm. on a wide chart recorder. 

A simple matching unit provides for sensitivity and balance controls, and effects the circuit 
changes that are necessary when using Cardio-Green. 


I wish to thank Mr. F. C. Hunter, technician at the Institute of Cardiology, for his many helpful suggestions during 
the development of this unit, and Mr. P. Marcus of Megatron, Ltd., for his help with the photo-cell block. Megatron, 
Ltd., manufactured the embedded cells used. The complete dye assembly is available from New Electronic Products, 
Ltd. 
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When the symptoms are typical, the diagnosis of angina pectoris is relatively easy, even in the 
abs nce of objective signs of cardiovascular disease. Nevertheless, Evans (1952) pointed out that 
wh re this objective evidence is missing the diagnosis of angina pectoris is likely to be wrong in one 
out of every four cases. Biorck (1946) stated that he could be certain of the diagnosis in only 
onc out of every six patients who had been thought to have angina pectoris. 

fo help in difficult cases, where objective evidence of coronary insufficiency cannot be found 
or -elied upon, four types of special tests have been designed to produce electrocardiographic 
evidence of coronary insufficiency. Levine et al. (1930) introduced the adrenaline test, and Ruskin 
(19:7) the pitressin test, but both have been abandoned for general use, as they are potentially 
harmful. The exercise test has been widely used and developed (Master et a/., 1935 and subse- 
quently, Evans and Bourne (1941), Twiss and Sokolow (1942), Biorck (1946), Wood et al. (1950) 
and many others). Unfortunately, there has been no general agreement as to what constitutes 
positive evidence of coronary insufficiency in this test, and this makes assessment of its value a 
little difficult. 

The fourth method by which evidence of coronary insufficiency can be demonstrated is by the 
production of general anoxia by inhalation of a low-oxygen gas mixture, and recording electro- 
cardiograms at certain intervals. Extensively investigated by Levy and his co-workers (1938, 
1939, etc.) by Patterson et al. (1942), and Mathers and Levy (1950, 1952), the test produced a posi- 
tive result in only half of the patients with known coronary insufficiency. However, Levy’s three 
criteria of positiveness in the test have been universally used and have formed the basis of all 
subsequent work in this field: they were as follows. 

1. The arithmetical sum of the RS—-T segment deviation in the three standard leads and the 
precordial lead totals 3 mm. or more, when | cm. deflection is equivalent to 1 millivolt. 

2. There is partial or complete reversal of the T wave, with RS-T segment deviation of 1 mm. 
or more, in lead I. 

3. There is complete reversal of the T wave in the precordial lead. 

Malmstrom (1947) modified the method of performing the test by reducing the concentration of 
oxygen in the inhaled gas mixture and added carbon dioxide, successfully increasing the number of 
positive results in patients with coronary insufficiency, without producing abnormal records in 
patients where this insufficiency did not exist. His series of patients was small in number, however. 
This paper is concerned with the findings and personal observations in a larger series of patients 
upon whom Malmstrom’s modification of Levy’s anoxia test was performed. 


METHOD OF APPLICATION 


To induce anoxia, Levy and his associates used a mixture of 10 per cent oxygen and 90 per cent 
nitrogen, but for reasons that will be discussed later, Malmstrom employed a mixture of 6°5 per 
79 
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cent oxygen, 4:5 per cent carbon dioxide, and 89 per cent nitrogen. from 
throughout this series, using a standard Walton anesthetic machine. pert: 
The mixture of gas is delivered to the patient through a system of flutter valves to preven‘ re- T: 
breathing, and an emergency supply of oxygen is ready to be introduced into the circuit if necess iry, ( 
The gas can be inhaled by the patient either through a standard anesthetic face piece or throu; ha § dise 
mouthpiece, using a nose clip to prevent nasal breathing. ( 
All patients in this series were seen and examined by the author, before the test was perforr ed. § gro! 
The object of the test and its method were fully explained to each patient, and any undue appre’ en- ( 
sion or reluctance to undergo the test was sufficient reason for it not to be used. This was not: nly § clau 
for the sake of safety, but because it has been shown that fright in itself is sufficient to ( 
produce electrocardiographic changes (Mainzer and Krause, 1940). No vasodilator di ugs 4 
were given for twelve hours before the test, and only one case was being treated with digit lis, J sex. 
The test was performed at least two hours after the last meal, and after the patient had been at -est ‘ 
for at least half an hour. Instructions were given that any discomfort experienced during the test § The 
other than moderate dyspneea, should be signalled by raising an arm, when the test would be stopped. § ¢lev 
For convenience, all the tests were performed with the patient semi-recumbent on a couch, no § hap 
alteration of the position being allowed. All the electrocardiograms were recorded on a direct- § the 
writing instrument, the tracings being thus available for immediate inspection. emp 
A full twelve-lead electrocardiogram was recorded before the test was begun, the chest lead to ( 
be chosen for use during the test being that with the tallest R and the smallest S, this lead being of t 
assumed to be over the maximum thickness of the left ventricle. With all the preliminaries comple- § The 
ted, the mouth piece or face piece was applied and the patient allowed to breathe room air for a § posi 
few minutes to become accustomed to the apparatus. The gas mixture was then introduced, a § alte! 
constant flow being kept up during the test. Records were originally taken at five, ten, fifteen, and § thes 
twenty minutes anoxia, but it was soon realized that prolongation of the test beyond ten minutes § that 
was unnecessary, positive results often occurring within the first few minutes. Finally, therefore, § unc 
the technique evolved was to record electrocardiograms at two, five, seven, and ten minutes, then § had 
after the inhalation of oxygen for one minute, and again after five minutes rest, repeating the § ches 
recording at five minute intervals until the tracing returned to the resting state. If the patient sig- § ista 
nalled the presence of discomfort or if the records showed notable change, the anoxia was stopped, § by t! 
an electrocardiogram taken, oxygen given for one minute, and further recordings made as described § varic 
above. The three standard leads of the electrocardiogram, and one chest lead, were recorded at T 
each interval, and with practice it was found possible to complete each set of tracings well within § caus 
thirty seconds. No patient had the test performed if there was any suspicion of myocardial in- 
farction having occurred within the previous four months. Other conditions precluding the test 
were congestive cardiac failure, obvious illness of the patient, severe anemia, and a high degree of 
pulmonary disease. The exercise test was done according to the method of Wood et al. (1950). 
The interpretation of the electrocardiograms was based upon Levy’s work, and it was confirmed 
that RS-T segment changes were the most important findings. Compared with the control group, 
no significant alterations occurred in the heart rate, the P waves, and the QRS complexes, ind 
significant arrhythmias occurred in only two patients. The measurement of RS-T segment devia ion 
was made in each lead by taking the average of five successive complexes. The iso-electric level vas 
taken as the P-Q interval, or the point before the first deflection of the QRS complex, as recomn en- 
ded by Levy (above), Malmstrom (1947), Katz (1946), and Master (1953). The T-P level vas 
impractical, since the tachycardia found in many of the tests obliterated this interval. The R \-T 
segment level was taken as the point when this interval began. The arithmetical sum of R \-T 


A similar mixture was 1 sed 





segment deviation in all four leads could then be found. oxyg 
perir 
RESULTS | 


One hundred and eleven patients were examined, 126 anoxia tests being performed. Ek ven § detai 
exercise tests were performed for comparison with the anoxia test. The follow-up period vz 
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from eighteen months to three years, during which time six of the patients died, autopsies being 
performed on three. 

T» simplify observation and assessment, the patients were divided into four groups. 

Group 1 was made up of 41 patients with no clinical evidence of organic cardiovascular 
dise :se, and served as a control. 
‘roup 2 included 53 patients in whom coronary artery insufficiency was suspected on clinical 
grou nds. 
‘roup 3 comprised 7 patients with peripheral arterial disease causing symptoms of intermittent 
clau lication, but without symptoms of angina pectoris. 
roup 4 was a miscellaneous group of 10 patients. 
he distribution of cases in Group 1 and in Groups 2, 3, and 4 combined, as regards age and 
sex, VaS approximately equal. 

 wenty-five tests on twenty-one patients were abandoned before the test could be completed. 
The main reasons for this failure were fear of the test in twelve cases, and intolerable dyspnoea in 
elev n. Fear amounting to panic was probably the result of inadequate explanation of what was 
hap ening, and rarely occurred as experience in the use of the test by the operator increased. All 
the atients in whom dyspneea caused the test to be stopped had clinically recognizable pulmonary 
emp 1ysema. 

(onstricting chest pain exactly similar to anginal pain occurring on effort was present in 17 
of tie tests. Electrocardiograms taken at the time of the pain showed positive results in 16. 
The only case where no significant cardiographic change occurred had previously shown a 
posi ive test. On the other hand, the test was stopped on 15 occasions because of striking 
alteration in the electrocardiogram without the occurrence of any discomfort whatsoever, one of 
these patients having a total RS-T segment deviation of 11-0 mm. This experience is in line with 
that of other observers, in that pain and cardiographic change are not always concurrent; it is 
uncommon to have pain without cardiographic change, but not vice versa. Twenty-three patients 
had the tests stopped because of such changes but admitted later to having very minor degrees of 
chest discomfort. When the pain complained of was not typically cardiac, as happened in three 
instances, there was no cardiographic change. In all the other cases pain was immediately relieved 
by the administration of oxygen, although the return of the cardiogram to the resting state was in- 
variably much less rapid, in some cases taking up to fifteen minutes. 

Table I lists the types of reaction to the test observed in this series, although not all these reactions 
caused the test to be abandoned. Headache was described as bursting, but was relieved at once by 


TABLE I 
REACTIONS TO THE ANOXIA TEST 











Number of times Number of 
observed patients 
Fear - nA - a so 19 16 
Intense dyspneea .. a bi ee 21 20 
Chest pain, cardiac type ae is 18 16 
Chest pain, non-cardiac type .. ns 5 
Headache .. a = = je 3 3 
Blurred vision .. os wa ars 1 1 








oxygen, as was the one example of blurred vision. None of the reactions to the test produced any 
permanent ill effects. 

Table II summarizes the results in the whole series of completed tests. For purposes of more 
detailed analysis, group 2, clearly the most important, has been broken down into further subgroups, 
4,B,C, and D. Group A included ten patients where coronary artery disease was known to exist, 
G 
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TABLE II 
SUMMARY OF THE RESULTS OF 102 ANOxIA TESTS 





Control | 
electro- el number 


Positive results 





cardiogram of tests | Percentage | Combined 
| 


percentage 





35 


36 
20 


| Normal 0 





Normal 
Abnormal 








| 
| 
| 





Normal 5 
Abnormal 0 
5 
1 





Normal 
Abnormal 





because of previous myocardial infarction. Eight tests were completed, and six were positive. 
No explanation can be offered for the negative test in one case, but the other patient was not suffering 
from anginal pain at the time of the test, and was in fact performing very heavy manual labour, so 
much so that he cannot have been suffering from coronary artery insufficiency at that time. His 
exercise test also was negative. 

Group B was made up of ten patients who had no history to suggest myocardial infarction, but 
in each case the electrocardiogram at rest was abnormal, suggesting coronary artery insufficiency. 
Eleven tests were completed in this group, and each was positive (Fig. 1 and 2). 

Group C comprised fourteen patients who had normal or only slightly abnormal electrocardio- 
grams when at rest. In each case the clinical story was suggestive of angina pectoris, but other 
sources of pain were present, such as cervical spondylosis, hiatus hernia, peptic ulcer, chest wall 
injury, etc. Nineteen anoxia tests were completed on thirteen of these patients, and fifteen were 
positive. Taken as a whole, however, the test was positive at least once in twelve out of the thirteen 
patients (Fig. 3 and 4). The one patient in whom the tests were negative had a very dubious history 
of anginal pain and a proven duodenal ulcer; his second test, performed six months after the first, 
was done when he had suffered no pain for six months, and when he was seen some three years 
later no more discomfort had occurred; it is very likely, therefore, that in this case the test was 
correct and there was, and had not been, any coronary insufficiency. 

Group D included nineteen patients who were similar to Group C except that no alternative 
source could be found for their chest pains. Eighteen tests were completed, and sixteen were posi- 
tive (Fig. 5 and 6). One of the two negative tests was done on a patient whose angina had been 
relieved by mitral valvotomy, the pre-operative test being positive. The other test which was 
negative occurred in a patient in whom the history was entirely typical of angina pectoris, and a 
positive anoxia test had been confidently predicted. 

In Group C, the test proved of great value. It established the presence of coronary insuffic ency 
in twelve out of thirteen patients in whom the disability was thought to exist, and it was negative on 
two occasions when used on a patient where the clinical diagnosis of angina pectoris was a! nost 
certainly wrong. 

Group D was also of great interest. The patient with mitral stenosis and angina pectoris | ad a 
positive test before valvotomy relieved her symptoms, the anoxia test becoming negative wit : the 
improvement in the clinical state. Only one did not have a positive test, and the others had at ‘east 
one positive test establishing the presence of coronary insufficiency. Table III summarize the 
findings in subgroups A, B, C, and D. 

Returning to the other groups of patients, Group 3 comprised seven patients with interm ‘tent 
claudication, none of whom would admit to any chest pain. Anoxia tests were completed o five 
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and there was a positive result in three. In addition, three patients in Group 2 had claudication 
pails accompanying their angina pectoris, and in each of them the anoxia test was positive. In 
non : of these cases was it possible to perform exercise tests, and it is in these circumstances that the 
ano ia test has a great advantage over the exercise test. 
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Fic. 1.—Women, domestic worker, aet. 45. Complained of left 
submammary pain for three years. Regarded as neurotic, 
and given E.C.T. B.P. 155/95, heart size and sounds normal. 
Anoxia test stopped after one minute because of substernal 
pain. Test positive, with total RS-T deviation of 6 mm. 
(criterion 1), and T wave reversal with RS-T deviation of 
more than | mm. in lead I (criterion 2). Exercise test pro- 
duced inversion of Tl and TV5 with total RS-T segment 
deviation of 4mm. This test was positive also. 





NORMAN COULSHED 


TH Ht 


4 : 33 

















































































































Fic. 2.—Man, aet. 59, electrician’s mate. Substernal pain for twelve months, brought on by exercise, 
but present also after meals, relieved by alkalies. Exercise test at onset of pain was negative, 
and barium meal showed duodenal ulcer. B.P. 160/90. Heart size and sounds normal. Anoxia 
test stopped after one minute because of substernal pain. Total RS-T segment deviation of 
2:0 mm. (criterion 2) and reversal of TV4 (criterion 3). 



















































































Fic. 3.—Housewife, aet. 62, Epigastric pain for two years, worse after exercise and after 
meals, relieved by alkalies and not by nitrites Heart size and sounds normal, B.P. 140/90. 
Barium meal showed a duodenal ulcer. Anoxia stopped at five minutes because of cardiographic 
change and slight substernal pain. The test was positive, with total RS-T segment deviation of 
4-5 mm. partial inversion of Tl with RS-T deviation of 1 mm. and complete inversion of TV4. 
She died in a paroxysm of pain six months later. 








THE ANOXIA TEST FOR MYOCARDIAL ISCHA:MIA 


TABLE III 
RESULTS OF ANOXIA TESTS IN 53 PATIENTS WITH SUSPECTED CORONARY INSUFFICIENCY 





Group 2 | Number of | Number of | Number of | Number of patients 
Subgroups| completed positive patients with at least one 
positive test 


5 
8 
12 
16 


41 























Included in Group 4 were five patients who had symptoms and X-ray confirmation of diaphrag- 
m: tic hiatus hernia. In none of these were the symptoms suggestive of coronary insufficiency, and 
th anoxia tests completed on three of them were all negative. In contrast to this, four patients in 
Gioup 2 also had radiologically proven hiatus herniz, but symptoms suggestive of true angina pec- 
to is. The anoxia test was positive in each, thus supporting the clinical impression that hiatus hernia 
alc ne does not produce anginal pain. If the defect is present and the patient has angina, he or she 
ha; also coronary insufficiency. The anoxia test was completed on one patient in Group 4 who had 
mitral stenosis without angina, and it was negative. Six in Group 2 had mitral valve disease with 
anzina, and the test was positive in each. 

Two patients had anoxia tests performed in an effort to elucidate the etiology of fainting attacks. 
One had attacks that were thought to be non-organic, and his anoxia and exercise tests were negative. 
The other was suspected of having Stokes-Adams syncope, but he was never observed in an attack, 
and his resting cardiogram was only slightly abnormal. His anoxia test was strikingly positive 
although he had no chest pain, no clouding of consciousness, and no change in cardiac rhythm 
(Fig. 7); the diagnosis of coronary insufficiency was confirmed later at a coroner’s necropsy. 

Of the fifty-two tests that were positive, nineteen became so after two minutes anoxia or less; 
twenty-seven at between five and ten minutes anoxia, and only one after the anoxia had ceased. 
Table IV summarizes the relative frequency of the criteria of abnormality, the figures being similar 
to those of Weintraub and Bishop (1947) and of Levy et al. (1941). These figures confirm the view 


TABLE IV 
SHOWING RELATIVE FREQUENCY OF THE CRITERIA OF ABNORMALITY IN THE ANOXIA TEST 





Percentage of 
— of total positive 
tests 


Criterion 





1 Alone fe i 37 73 
Alone or combined 49 96 





2 Alone mr _ 0 0 
Alone or combined i; 13-7 





3 Alone re a 3-8 
Alone or combined 21-6 








1 and 2 is ie | 58 





1 and 3 oe ee 9-7 
2 and 3 iz + | ale 








2 es =. aia 77 
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FIVE MINUTES AFTER OXYGEN 


Fic. 4.—Housewife, aet. 47. In 1952 angina 


pectoris diagnosed on the history, no abnormal 
physical signs were present. Four years later 
the pain had been distorted by a gross anxiety 
overlay and the presence of a gastric ulcer. 
Still no abnormal cardiovascular signs, and 
B.P. normal. Anoxia test was positive, with 
total RS-T segment deviation of 5-Smm. No 
pain occurred. 





















































. 5.—Housewife, aet. 51. Severe epigastric 


and lower substernal pain coming on 
after minimal effort, referred to left arm, lefi 
thigh and knee. B.P. 140/90, heart size anc 
sounds normal. Anoxia test was positive 
(criteria 1 and 2), with total RS-T segment 
deviation of 12-5 mm. coinciding with sligh 
substernal pain. The patient died six month: 
after the test, in a sudden paroxysm of pain 


No autopsy was done. 


of Turner and Morton (1952) that RS-T segment deviation was the most constant and relia le 
finding in the anoxia test. Fig. 8 depicts the total RS-T segment deviation in all four leads, in he 
control series and in the abnormal patients. It shows that the maximum of 2-5 to 2-9 mm. fo a 
normal test is correct, and that 3-0 mm. and above is probably correct for those patients w th 
coronary insufficiency. The maximum RS-T segment change occurred most frequently in «he 
precordial lead, being more than three times as often as in the other leads together, in the patie ts 
with positive tests. 

The heart rate increased on an average by 26 beats a minute in the control series, and by 32 
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Fic. 6.—Housewife, aet. 46. History of typical angina pectoris for twelve months, with no 


abnormal physical signs. B.P. 130/80. Anoxia test stopped at 4 minutes because of 
substernal pain. Total RS-T segment deviation 4-5 mm. (criterion 1), reversal of Tl and 
TV4 after the anoxia was stopped, with a slow recovery rate. RS-T segment deviation of 
1 mm. in lead 1 with reversed T wave constitutes criterion 2, and the reversal of TV4 
criterion 3. 



































Fic. 7.—Man, aet. 54, motor driver. No chest pain, but attacks of syncope when pulse rate 


alleged to fall to 40 a minute. Normal heart size and sounds, B.P. 155/90, negative clinical 
examination. Anoxia test stopped at five minutes because of gross cardiOgraphic change. 
No pain occurred. Note the tracings are half sensitivity, and allowing for this, RS-T 
deviation was equivaJent to 13-0 mm. (criterion 1); Tl was reversed with RS-T deviation 
of more than 1 mm. (criterion 2); TV4 was completely reversed (criterion 3). 
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Fic. 8.—Total RS-T segment deviation in control series and in ‘patients with coronary insufficiency. 


beats a minute in the series under test, but the increase in rate bore no relation to the outcome of the 
test. Unless T wave changes amounted to total reversal in lead I or the precordial lead, they also 
had no relation to the outcome of the test. No T wave reversal occurred in lead II unless it was pre- 
sent in lead I also, and when present in lead III it had no relation to the result of the test. 

Prolongation of the P-R interval occurred in only one case, alternating ventricular extrasystoles 
in one, and a wandering pacemaker ina third. These were the only instances of either conduction 
defects or arrhythmias in this series, and previous investigations have also found such occurrences 
uncommon. Roehm ef al. (1952) devised a method of calculating what was referred to as the 
“‘anoxemia index” in this type of test. This depended upon the prolongation of the QT interval 
in patients with coronary insufficiency being made greater in the anoxia test. The index was 
worked out on all the patients in this series, but the difficulties of measuring the QT interval are 
well known, and the results of the calculations in this series showed an equal number of positive ind 
negative indices in the control patients and in the abnormal group. 

Exercise tests were performed on eleven patients for comparison with the anoxia test. In one 
the anoxia test was positive when the exercise test was negative—this patient had a myocar lial 
infarction some twelve months later. The exercise test was never positive when the anoxia test vas 
negative ; five patients had both tests positive. When pain was provoked in the exercise tes , it 
invariably lasted longer than with the anoxia test, there being no oxygen ready to relieve ¢ 
symptoms. 

Since the investigation began, six of the patients are known to have died. None of these 
in the control group, and three who died suddenly were certified as having coronary thromboses. ut 
no autopsies were performed. Autopsies were carried out on the other three. One mano 62 
died in a paroxysm of pain, autopsy showing a recent septal infarct, with gross coro: ary 
atherosclerosis, and areas of mainly subendocardial fibrosis in the left ventricle. Another ied 
two years after the anoxia test had been done, and was shown at autopsy to have an unsuspe ted 
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calcific aortic stenosis, much coronary artery thickening, and a recent intramural infarct, but 
no evidence of subendocardial fibrosis. The third patient died suddenly, some six months after 
ha’ing a positive anoxia test: he had complained of recurrent syncopal attacks, in one of 
wh ch he was found to have a very slow pulse, but at no time did he complain of any chest pain. 
He died in one of the attacks, and the necropsy showed widespread severe coronary atherosclerosis, 
wit 1 diffuse myocardial fibrosis, much of it being subendocardial. 


ELECTROCARDIOGRAPHIC CHANGES IN THE ANOXIA TEST 

The predominant abnormality produced, namely RS-T segment depression, for a long time 
has been known to occur also in spontaneous paroxysms of angina, and Parkinson and Bedford 
(1931), and Wilson and Johnston (1941) pointed out that similar changes of a more permanent 
nat ire occurred with coronary occlusion, the underlying cause being presumably of a like nature 
in zach case, but temporary in one and permanent in the other. Brow and Holman (1934) 
rer rted that similar cardiographic records had been obtained in patients who had spontaneous 
att. cks of angina, and in animals subjected to progressive anoxia. 

Riseman et al. (1940) produced similar records in patients with anginal pain precipitated by 
exe ‘cise or anoxia, and found that the inhalation of oxygen could delay the onset of the changes in 
the cardiogram precipitated by exercise. Records during attacks of anginal pain have also been 
rec 9rded by Bousfield (1918), Feil and Siegel (1928), Wood er a/. (1931), Hall (1932), Turner (1933), 
Sh: piro and Smyth (1937-8), Bryant and Wood (1947), and Scherf and Boyd (1948), and nearly 
all showed predominant RS-T segment depression in the standard leads, and in the precordial 
lead when the latter were recorded. 

Similar tracings are shown in Fig. 9, from a woman aged 71. She had typical angina on 
effort, but the upper record was taken when she had a short attack of pain, whilst lying at rest. The 
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Fic. 9.—The upper record was taken during a paroxysm of anginal pain, the lower record 
twenty four hours later, when no pain was present. 


lower record was taken twenty-four hours later, and although it is still abnormal, the marked RS-T 
segment depression in leads I, V4, and V6 has largely disappeared. 

Myocardial anoxia produced by severe anemia can produce records identical with those seen in 
the anoxia test. Fig. 10 shows the electrocardiogram of a woman, aged 52, taken half an hour before 
she died as a result of a massive intraperitoneal hemorrhage. The gross RS-T segment depression 
was unaccompanied by any macroscopic change in the heart, and the coronary arteries were normal. 
Master et al. (1941) describing the clinical, electrocardiographic, and autopsy findings in cases 
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Fic. 10.—Electrocardiogram taken from a patient with severe anemia, half an hour 
before death. ; 


of acute coronary insufficiency, demonstrated again the presence of RS-T segment depression and 
correlated it with the “diffuse foci of myomalacia, usually mainly subendocardial, in the papillary 
muscles of the left ventricle and the interventricular septum.” Thomson and Feil (1944), Price and 
Janes (1943), Bailey (1946), and Pirani and Schlichter (1946) have recorded similar RS-T depression 
found in patients who at autopsy were shown to have subendocardial infarcts; and experimental 
production of endocardial damage has the same result (Boyd and Scherf, 1940; Wolferth eg ai., 
1945; Pruitt and Valencia, 1948). The theoretical concept of these patterns has been expounded 
by Bayley (1943, 1944, and 1946). 

It is probable therefore that the. RS-T segment depression occurring in spontaneous angina, 
anemia, and the exercise and anoxia tests is due to subendocardial muscle damage. Biorck 
(1948-9) suggested that this damage occurs because the subendocardial muscle is the last to receive 
its oxygen supply from the penetrating branches of the coronary arteries, and is probably sensitive 
to oxygen lack. 

T wave changes alone have been relatively uncommon in all the published series of anoxia tests, 
but in this present series, they have occurred in the patients who appeared more severely affect 2d, 
and when present, they have persisted longer than RS-T segment changes. It is likely that t ey 
represent more advanced coronary insufficiency but there is no proof of this. 


DISCUSSION 


Greene and Gilbert (1921 and 1922) demonstrated that sufficient anoxia will produce cardiogra; hic 
abnormalities even in healthy subjects, but the different types of anoxia tests have been designed to proc ice 
characteristic and recordable changes in as many pathological cases as possible, while causing no chang of 
significance in normal subjects. Dietrich and Schwiegk (1933), using a mixture containing about 8 per : :nt 
oxygen in nitrogen, were able to produce abnormal cardiographic patterns in 35 out of 45 patients with h art 
disease. Rothschild and Kissin (1933) found a mixture of 6 per cent oxygen in nitrogen caused their pati ts 
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tc lose consciousness, and reverted to an unsatisfactory rebreathing technique, as did Katz et al. (1934), 
w.ereby the test could never be properly standardized. Larsen (1936) used a 9 per cent oxygen in nitrogen 
m. xture, and produced 13 positive tests among 30 subjects with coronary disease. The same mixture has 
bezn used by Mannheimer et al. (1946, 1948) who have found the test useful in the assessment of certain 
tyes of congenital heart disease. 

Levy and his associates have performed many hundreds of anoxia tests using a mixture of 10 per cent 
ox gen in nitrogen, the patient breathing the gas for a maximum of twenty minutes. They found that the 
pr sence of a positive test bore no relationship to the levels of blood oxygen at the time, these varying from 
6° ‘o 83 per cent saturation; this work has been confirmed by Mathers and Levy (1950). However, Levy 
ce Id only produce 55 per cent positive tests in subjects with coronary disease, and suggested that the pro- 
du tion of pain without cardiographic abnormality should be regarded as a presumptive positive test. 
Si. ilar figures were produced by Patterson et al. (1942) and Pruitt et al. (1945) but no false positive tests were 
fo id. Weintraub and Bishop (1947) alleged that reactions denoting ischemia occurred in nine out of 
tw hundred healthy people, but in fact none of these nine could be regarded as normal controls. 

’enneys and Thomas (1948, 1950) attempted to modify the test by producing a more constant and 
ste dard lowering of the arterial oxygen level, but it made the test very difficult to perform, and did nothing 
to nodify the established criteria of abnormality. Hecht (1949) used a mixture of 10 per cent oxygen, 
3 } or cent carbon dioxide, and 87 per cent nitrogen, and was able to produce a positive test in 74 per cent 
of is patients with angina pectoris, all the controls being negative. Using Levy’s technique, Alexander et al. 
(1£ 50) could produce only 33 per cent positive tests in subjects with coronary disease. 

Nylin (1943), Biorck (1946 a & b), Lindgren (1946 a, b, & c) Soupanki (1948) were Scandinavian investi- 
ga ors whose results were essentially similar to those of Levy and his associates. Malmstrom (1947) con- 
sic :red the method giving 10 per cent oxygen in nitrogen produced not only a wide variation in blood oxygen 
le :Is at the end of the test, but also a very variable rate of fall of the oxygen level, both making standardiza- 
tion of the test more difficult. In addition to this, hyperventilation alkalosis could be produced, which itself 
could cause RS-T segment depression. 

In order to produce a more rapid fall in the blood oxygen level, and to standardize the test better, Malm- 
strom used a mixture containing 6-5 per cent oxygen, and added 4-5 per cent carbon dioxide, to cause hyper- 
ventilation and a rapid lowering of blood oxygen, without alkalosis. He found that alveolar oxygen tension 
quickly reached a constant low level, there was less variation in the respiratory response, and no alteration 
in blood pH. No abnormal results were found in his control subjects, and eight out of thirteen patients 
with myocardial ischemia had positive tests. 

Master (1953) has admitted that the exercise test produces 6 per cent of positive results in patients without 
myocardial ischemia, although he claims that it is positive in 95 per cent of coronary insufficiency. Never- 
theless, the finding that one out of every 20 patients without this condition has a positive test detracts greatly 
from its value. This does not occur with the anoxia test, and none of the 35 patients in the present control 
series had a positive test. Moreover, with positive tests in over 90 per cent of pathological cases, Malmstrom’s 
modification of the anoxia test has removed the greatest objection to its use, namely that only a relatively 
small percentage of patients with coronary insufficiency could be demonstrated to have this condition. 
It has other advantages: it can be used on patients who are unable to undertake physical exercise, there is 
constant electrocardiographic control, and oxygen is immediately available making the procedure definitely 
less dangerous. It must be admitted, however, that it is more time-consuming and that it cannot be used on 
patients with a low respiratory reserve. 

Comparing the two types of test, Master et al. (1944) were able to produce similar records with each test 
ona series of cases of myocardial ischemia. Biorck (1946) found 27 per cent of patients had positive anoxia 
and negative exercise tests, 18 per cent had positive exercise and negative anoxia tests, and 55 per cent had 
both positive. In the present series, only a small number of exercise tests were performed, and in only one 
case was the anoxia test positive and the exercise test negative; there were no patients with positive exercise 
and negative anoxia tests. Itis probable that a place exists for the use of both tests, but the anoxia test is more 
reliable and less dangerous and should be the method of choice. 

It has been proved of value when intermittent claudication prevented the performance of an exercise test. 
Three out of five cases showed evidence of coronary insufficiency and this type of patient had to be treated 
cautiously. Used in an attempt to elucidate the nature of chest pain in a patient with a hiatus hernia, it has 
been shown that the latter alone is insufficient to produce a positive test, which appears only when the 
pain is due to myocardial ischemia, the hiatus hernia being incidental. 














92 NORMAN COULSHED 


SUMMARY 


The modification of Levy’s anoxia test as suggested by Malmstrom has been used to investi sate 
a series of patients. It has been found satisfactory in that it increases the number of pos tive 
results in patients with coronary insufficiency to a level comparable with that obtained in the 
exercise test, without producing any false positive results. 

Thirty-five patients with no clinical evidence of organic cardiovascular disease served as a coi trol 
group, and in none was a positive anoxia test produced. 

Where coronary insufficiency was known to be present or strongly suspected on clinical grou ids, 
56 tests were completed and 48 were positive (86%). This latter figure is misleading in that one 
test was performed on a patient with known coronary disease but with no symptoms of coro: ary 
insufficiency; two tests were negative and followed by a clinical course suggesting that the »ain 
was not cardiac in origin; and one test was negative in a patient whose symptoms had been reli: ved 
by mitral valvotomy. Discounting these four tests, 48 tests were positive out of 52, or 93 per cent. 
Analysis showed that 41 cases out of 43 were found by the test to have coronary insufficiency in 
circumstances in which it was expected that the test would be positive, giving a total percentage of 
95. 

The test was positive in 3 out of 5 patients with intermittent claudication but no symptoms of 
coronary insufficiency, and was strikingly positive in one patient suspected of having Adams-Stokes 
syncope. It was negative in patients with diaphragmatic hiatus hernia when coincident coronary 
disease was not suspected. 

The anoxia test is more time-consuming than the exercise test, but is simple to perform and 
provided reasonable care is taken, it is not dangerous; it has the advantage over the exercise test in 
that the patient is under continuous electrocardiographic observation, a supply of oxygen is 
constantly available so that the test can be stopped at once and its effects reversed very quickly. It 
can be used on patients who are physically incapable of exertion, and because of the absence of 
muscle tremor, the electrocardiographic records are better than those in the exercise test. 

When graphic proof of coronary insufficiency is being sought, it is better to use the anoxia test 
first, but it is probable that there is a place for both types of test. Neither should be used as a 
routine investigation, as these methods cannot replace careful clinical assessment. 


The major part of this work was undertaken as part of an M.D. thesis in the University of Liverpool, and | am 
grateful to the Professor of Medicine, Lord Cohen of Birkenhead, for granting me permission to publish the work. 

I would also like to thank Drs. E. N. Chamberlain, E. Wyn Jones, W. S. Sutton, and C. S. McKendrick for allowing 
me access to their patients in the Regional Cardiac Centre, Sefton General Hospital, Liverpool, and the Liverpool 
Royal Infirmary. In both hospitals I have had cheerful and willing co-operation from the technicians in the electro- 
cardiographic departments, and without their help this investigation could not have been undertaken. 
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In 1866, Ebstein described the post-mortem findings of a 19-year-old boy who died in congestive 
heart failure. The tricuspid valve was replaced by a large membrane, originating from the annul:is 
fibrosus and from the anterior and posterior portions of the endocardium of the right ventricle aiid 
the interventricular septum and the septal cusp was displaced downwards 15 mm. from the annulus 
a patent foramen ovale was uncovered and multiple defects were present in the septum primum. 

Since this original report, over 100 cases have been described under the various titles of Ebstein’s 
disease, Ebstein’s malformation, Ebstein’s anomaly, or Ebstein’s syndrome. Common to each was 
the deformity and displacement of the tricuspid valve and in some (Malan, 1908; Heigle, 1913; 
Blackhall-Morrison, 1923) it represented the only abnormality. In most, isolated or combined 
defects of the atrial and ventricular septum were noted, and frequently the foramen ovale was patent. 

The present review records our experience with this syndrome. All cases with tricuspid valve 
deformity are included and the various associated cardiac defects are described. Our series con- 
sists of all 11 patients studied at the Hahnemann Medical College and Hospital from 1953 until 
1958. The youngest was 6 months and the oldest was 49 years old. Six of our cases were female. 


SYMPTOMATOLOGY ‘i 


The symptoms in Ebstein’s syndrome are usually mild. Three of our patients were asympto- 
matic at the time of examination. Similar observations were made by Marxsen (1886), Malan 
(1908), Heigel (1913), Wood (1956), and Mayer et al. (1957). In our series all the patients except 
one developed fatigue and dyspneea, which are the most common symptoms observed. 

Cyanosis was present in 85 per cent of the cases in which this sign was mentioned. Kilby et al. 
(1956) reported cyanosis in all their 9 cases and emphasized the diagnostic importance of this 
finding, although Wood (1956) believes that cyanosis is not an important feature of this disease. 
Mayer et al. (1957) reported cyanosis in 6. of their 10 cases, while Kjellberg et al. (1955) reported it 
in only one of their four. In our series 5 out of 11 cases had cyanosis: in two, cyanosis was 
present at birth, in one, it developed at the age of 47, and in one, it was present only on exposure 
to cold, while another developed it only after exertion. 

We think that the presence of cyanosis should not be emphasized as an essential feature for t'ie 
diagnosis of Ebstein’s syndrome. Although it is a common feature of the symptomatic patter, 
cases without a right-to-left shunt may never develop central cyanosis despite the presence of «n 
interatrial communication. The clinical diagnosis of Ebstein’s syndrome will be made mc-e 
frequently if less stress is placed on the presence of cyanosis and greater consideration is given o 
other features of the syndrome. 


PHYSICAL FINDINGS 


Seven of our eleven patients had evidence of significant hepatomegaly. However, only thr ¢ 
had peripheral oedema and neck vein distension. The neck veins were normal in 8 of our patien 3. 


* This work has been supported by the Mary Bailey Foundation for Heart and Great Vessel Research, Philadelph 3. 
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EBSTEIN’S SYNDROME 


TABLE I 
ELECTROCARDIOGRAPHIC FINDINGS IN EBSTEIN’S SYNDROME 

















Case P wave P-R interval QRS-T Others 
No. complex 
1 Deformed — | RBBB (C) | Frequent arrhythmias 
F Normal Prolonged | RBBB (C) Occasional arrhythmias 
3 | Very tall Prolonged | RBBB (C) | Inverted T wave V1-V5 
4 Tall Prolonged | RBBB(Inc.) | Frequent arrhythmias 
5 Normal — Normal | Normal 
6 A.F. — RBBB (C) Occasional arrhythmias 
7 | Tall _— RBBB (Inc.) | Occasional arrhythmias 
S | ASF. — RBBB (Inc.) | Normal 
9 | Tall — RBBB 
10 | AF. — RBBB (C) | Nothing particular 
11 | A.F. - RBBB (Inc.) | Nothing particular 





A.F. for atrial fibrillation. 
RBBB (C) for right bundle-branch block (complete). 
RBBB (Inc.) for right bundle-branch block (incomplete). 


N .das (1957) reported distension of neck veins as a common feature in his series, but in Wood’s 
ex erience (1956) they may be normal in some. In three cases, the enormous right atrium accom- 
m dated most of the regurgitant blood without increase in central venous pressure. 

Cardiac auscultation revealed a rather constant pattern in our series, comparable with others 
recently reported. Ten of our eleven cases had a systolic murmur at the apex, which was heard 
also at the third and fourth left intercostal space to the left of the sternum. The murmur was 
blowing in character and its intensity varied from grade 2 to 4. Three of our cases had an early 
grade 1 to 2 blowing diastolic murmur at the apex, while four had a third heart sound. In one, 
the auscultatory findings were normal. More than half a dozen cases have been reported without 
a murmur. 

We could not appreciate a systolic thrill at the apex or the xiphoid area in our cases, but others 
consider systolic thrills of great diagnostic value in the study of this syndrome. 

Electrocardiogram. Incomplete or complete right bundle-branch block is a very common 
feature of Ebstein’s syndrome. Ten out of 11 in our series had this finding. A review of reported 
cases reveals the presence of right bundle-branch block in 88 per cent of those in whom cardio- 
grams were taken. 

Sodi-Pallares (1956) postulates the presence of right bundle-branch block on the basis of the 
increased right atrial pressure acting on the upper part of the right septal surface. We feel that the 
associated presence of an atrial septal defect or patent foramen ovale may also contribute to the 
pattern of rSR’ in V1 and RS in V6. According to Sodi-Pallares (1956) a QR pattern from V1 
to V4-V6 with negative T waves in young patients with cyanosis is practically pathognomonic 
of Ebstein’s syndrome. In his experience the combination of W-P-W, type B, and cyanosis has 
never been noticed except in Ebstein’s syndrome. By W-P-W, type B, he means that the QRS 
complex in V1 is negative: if the QRS complex is positive in V1 he refers it to be as type A. None 
of our cases had either of these features. 

Sodi-Pallares and Marcico (1955) reported the right heart intracavitary tracing in Ebstein’s 
syndrome, and clearly demonstrated the different pattern of the tracing in superior and inferior 
portions of the right atrium. Yim and Yu (1958) reported intracavitary tracings in this syndrome 
and arrived at a similar conclusion. According to these authors the intracavitary electrogram 
is diagnostic in Ebstein’s syndrome. 

For obvious reasons most of the cases of Ebstein’s syndrome showed atrial dysfunction. Four 
of our cases had atrial fibrillation. Five of the remaining seven had tall and abnormal P waves. 
Three had a prolonged P-R interval. A similar pattern of atrial dysfunction has been reported. 
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Fic. 1.—Electrocardiograms of nine patients. (Leads V1 and V6.) For interpretation, see text. 


Various arrhythmias are seen in Ebstein’s syndrome and sometimes they may cause death. Ten of 
our patients had paroxysmal bouts of tachycardia. They were supraventricular in origin in all 
but one. The proximity of the A-V node and common bundle of His to the associated deformity 
best explains the marked irritability of the conduction apparatus. 

Radiological and Angiocardiographic Studies. Many have emphasized the diagnostic con- 
figuration of the heart in the frontal projection in Ebstein’s syndrome. A globular contour of the 
heart is common because of a combination of enlargement of the heart in the transverse diameter 
and an inconspicuous supracardiac shadow. The transverse diameter is increased by the huge 
dilated right atrium. The small supracardiac shadow is due to the hypoplastic aorta and pul- 
monary artery. The lung fields may reveal decreased pulmonary blood flow. In our series, eight 
out of 11 had the so-called globular contour of the heart shadow (Fig. 2). In all cases the hezrt 
size was moderately enlarged. The lung fields were clear in six. A hypoplastic aorta and pril- 
monary artery were noted in seven. 

Recently more stress has been given to angiocardiographic studies in this syndrome. Tweny- 
five cases analyzed by this technique have been reported. The procedure is not without ris<: 
most of the reported cases developed disturbing arrhythmias during procedure, and one died duri ig 
angiocardiography (Nadas, 1957). Reynolds in 1950 demonstrated a huge right atrium, delay :d 
emptying of the right atrium, and faint opacification of pulmonary artery in this syndrome. T te 
description of Baker et al. (1950) is essentially the same, and in addition, left atrial opacificati: n 
through an atrial septal defect was noted. Engle et al. (1950) demonstrated beautifully the visu. |- 
ization of the right atrium followed by left atrial, left ventricular, and aortic opacification. Sol ff 
et al. (1951) clearly pointed out the displaced tricuspid notch and the small right ventricle. 
Angiocardiography was done in 5 of our cases without complication (Fig. 3). It invariat'y 
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Fic. 2.—Postero-anterior X-ray of the chest. For interpreta- 
tion, see text. 
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Fic. 3.—Angiocardiograms of four patients. For interpreta- 
tion, see text. 
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demonstrated the huge right atrium, but the dye was so diluted in this huge chamber that its fur’ ter 


course could not be traced accurately. 
Cardiac Catheterization. 


Cardiac catheterization has been performed in nearly half of the c ses 


reported. Serious arrhythmias were common during the procedure and at least six deaths | ive 
been reported (Baker et al., 1950; Schaede, 1951; Blacket et al., 1952; Campbell, 1953; and Na as, 


1957). 


Cardiac catheterization was done in all of our cases (Table II and Fig. 4). 


TABLE II 


No serious con )li- 


DaTA FOUND AT CARDIAC CATHETERIZATION IN EBSTEIN’S SYNDROME 














Case* Course of the catheter BA oxygen Miscellaneous 
saturation 
1 Normal | 95:0% | All findings within normal limits 
2 Normal 78:3% | RV appeared to be small and RA lowuked 
| very big 

3 Normal 91:3% All findings within normal limits 

4 Catheter entered LA 60:7% RV P 78/2; PA P 78/40 mm. Hg 

5 | Normal 90-0°% All findings within normal limits 

6 | Catheter kept coiling in RA 90:0% **Ventricularization” of RA pressure tracing 
7 | Normal 91-:0% All findings within normal limits 

8 Catheter kept coiling in RA | Not obtained All findings within normal limits 

9 Normal 80-0% All findings within normal limits 
10 Catheter kept coiling in RA and 68-6% Catheter took quite abnormal course and 

then entered LA entered the left ventricle 

11 Catheter kept coiling in RA 93-5% On left heart catheterization, LA P was found 


to be high 





RA for right atrium 
BA for brachial artery 
RV for right ventricle 


P for pressure 
PA for pulmonary artery 
LA for left atrium 


Note—Right atrial pressure and pressure tracing were normal in all except Case 6 where RA-and RV tracings 


looked alike. 


* There was no evidence of a shunt in 8 cases. 








In 3 cases there was a right-to-left shunt. 


Fic. 4.—Pressure tracings of the right atrium (A) and superior vena cava (B) of 
Case 6, showing the similarity of the atrial tracing to a ventricular tracing. 


cations except for arrhythmias were encountered. Four cases had arterial saturations belo: 90 


per cent. 


In four the catheter coiled in the huge right atrium and could not be advanced. ‘he 
right atrial pressure curve revealed a prominent V wave in many cases. 


A ventricular cur, in 
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the superior part of the right atrium was observed in one of our cases—a finding that has been 
re orted by others as well (Broadbent et a/., 1953; Wright et al., 1954). 


Surgical Intervention 


Kirklin in 1954 treated one of his cases by closing the atrial septal defect to abolish the right-to- 
shunt. However, in the presence of marked tricuspid regurgitation such a procedure is usually 
of little help. Three of our cases were treated surgically. In two of them partial amputation of 
th right atrium was carried out, while in one cross-polar plication of the tricuspid annulus was 
at >mpted. 


Oo 


PROBLEM IN DIAGNOSIS 


Almost all the recently published series on Ebstein’s syndrome claim that the clinical diagnosis 
of this entity can be made. The natural history of the disease, the characteristic auscultatory 
fi: lings, the suggestive electrocardiographic pattern, and the diagnostic radiological findings are 
se d to be of major assistance. Although suggestive of the syndrome this clinical pattern is not 
p: hognomonic in our experience. One has to resort to cardiac catheterization and angiocardio- 
gi phy, and still there are rare cases where the diagnosis cannot be established. Two cases cited 
be ow, which presented all the features of Ebstein’s syndrome clinically, illustrate this point well. 


Case 1. A woman, aged 22, was admitted to Hahnemann Medical College and Hospital in 1958. 
Tie history revealed that she was born with a heart murmur, and had practically normal growth and 
de velopment, with no history of cyanosis. At the age of ten years she developed peripheral cedema and 
a liagnosis of right heart failure was made. Since then she was treated by digitalis, diuretics, and a low 
sat diet. Despite all these symptoms, she finished high school and was attending college regularly. From 
1°56 she developed progressive fatigue and dyspncea. Finally she developed cyanosis. At the time of 
acmission she was extremely dyspneeic. There was generalized pitting edema. The pulse rate was 84 
a minute and grossly irregular. The blood pressure was 105/64. The lips and nailbeds were cyanotic and 
the neck veins were prominent. The thoracic cage was deformed with marked kyphoscoliosis. The apical 
in:pulse was in the sixth left intercostal space in the midclavicular line. It was forceful. She had a loud 
mitral Ist sound and a grade 2 to 3 blowing systolic murmur heard at the apex and also at the third left 
intercostal space by the side of the sternum. There was a grade 1 to 2 early diastolic murmur best heard at 
the apex, and a third heart sound. Auscultation of the lungs revealed bilateral rales. The liver was 
enlarged down to the right iliac crest. The spleen was palpable five fingers below the left costal margin. 
There was severe pitting oedema of the extremities. The electrocardiogram revealed atrial fibrillation, 
incomplete right bundle-branch block, and marked ventricular irritability. Radiological studies revealed a 
globular contour of the large heart, and the pulmonary vascular markings were increased. 

A right heart catheterization was attempted, but the catheter coiled repeatedly in the huge right atrium 
and could not be manceuvred into the right ventricle. The pressure in the right atrium was increased to 
14 mm. Hg and the atrial curve was indicative of tricuspid regurgitation. However, no specific diagnosis 
could be reached because the patient was too sick to attempt further investigation. During her hospital 
stay, the patient was treated with digitalis, potassium, ammonium chloride, thiomerin, diamox, and diuril, 
with some improvement. However, one night she was found dead in bed, probably the result of an 
arrhythmia. Autopsy examination revealed a very large secundum type of atrial septal defect, a high 
ventricular septal defect, and a dilated tricuspid annulus. Otherwise the tricuspid valve was normal. 


Case 2. A three-year-old white girl was admitted to Southern Division of Albert Einstein Medical 
Center in 1952. Acardiac murmur had been discovered at birth, and shortly after she developed progressive 
cyanosis. The child followed a down-hill course, and was admitted to the hospital in severe right heart 
failure, with obvious cyanosis of the lips, pitting cedema of the lower extremities, an enlarged liver, and dis- 
tended neck veins. Heart sounds were rapid and faint. The patient died the following day. Post-mortem, 
the heart was much enlarged, and the right atrium and right ventricle were dilated. On opening the right 
atrium the foramen ovale was found to be patent. Except for slight thickening, the tricuspid valves were 
normal. In the region of the pulmonary valve cusps, the cusps were fused together leaving only a 2-mm. 
aperture. The left atrium and the left ventricle appeared normal. 


Case 1 presented all the features of Ebstein’s syndrome. However, autopsy examination 
revealed multiple congenital defects but no major deformity of the tricuspid valve. It was diffi- 
cult then, in the absence of true displacement of the valve, to classify this case as Ebstein’s syndrome. 
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Case 2 similarly was diagnosed as having Ebstein’s syndrome until post-mortem examination pro: >d 
it to be pulmonary stenosis. It is apparent that sometimes the diagnosis of Ebstein’s syndro 1¢ 
can only be made at post-mortem examination, because of the non-specific nature of some of 1¢ 
clinical features of this syndrome. 


DISCUSSION 


In summary, it is emphasized that Ebstein’s syndrome represents a heterogenous combinati :n 
of congenital abnormalities, characterized chiefly by downward displacement of a rudimenti ‘y 
tricuspid valve. The symptomatic picture is generally mild, although cyanosis can occur due to .n 
interatrial communication. Physical examination may show evidence of right heart failure. A 
systolic murmur is best heard along the left sternal border and a third heart sound is genera ‘y 
present. The hemodynamic alterations are variable although decreased cardiac output, arter 1 
oxygen unsaturation, and “‘ventricularization” of the right atrial curve are not uncommon. T-:e 
catheter usually curls in the dilated right atrium. The electrocardiographic pattern is almcst 
always that of complete or incomplete right bundle-branch block, while radiologically the he«rt 
generally has a globular contour. Surgery should be considered in cases of Ebstein’s syndrome. 
Although reconstruction of the tricuspid valve is as yet not possible, treatment is available for 
correction of some of the associated anomalies. These can only be properly diagnosed by the 
performance of cardiac catheterization. 

Patients with Ebstein’s syndrome may be confused with cases of pulmonic stenosis and ostium 
atrioventricularis communis. The diagnosis may be difficult to establish clinically despite the 
apparently typical spectrum of the syndrome. For this reason, surgical intervention appears 
justifiable in the problem cases, especially if all the facilities for performing extracorporal circula- 
tion are available. 
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Changes in the mitral and aortic valve areas have been studied by many workers since Gorlin 
an | Gorlin (1951) put forward a formula by which they could be estimated. The calculated areas 
be ore and after valvotomy have been compared with each other and with the size found by the 
su geon at operation. Much less attention has been paid to the pulmonary valve area. The 
th oretical relationship of the pulmonary valve area and of the right ventricular pressure would seem 
of interest, since critical sizes for the valve area could be calculated—critical in the sense of (1) the 
ar a at which the pressure begins to rise sharply and (2) the area at which the pressure rises so much 
(o. the flow becomes so small) that the circulation fails. 


THEORETICAL ASSUMPTIONS FOR USING THE FORMULA 
Gorlin and Gorlin (1951) gave the following formula for calculating the pulmonary valve area 
(P.V.A.). 


P.V.A. Flow rate through P.V. (in ml. per sec. of systole) 


(insq.cm.)~ 44-5./P1 — P2 
where P 1 = mean systolic ejection pressure in the right ventricle, 


P 2 = mean systolic ejection pressure in the pulmonary 
artery, 





and P 1—P 2 is of course the mean systolic ejection pressure gradient across the pulmonary valve. 
P 2 is substantially the same as the pulmonary arterial mean pressure. Under normal conditions 
we have taken this as 12 mm. (20/8 mm.) and Wood (1956) gives it as 11 mm. (16/7 mm.). In 
moderately severe cases of pulmonary stenosis submitted to valvotomy it is not very different and 
we have found it about 10 mm. (15/7 mm.). 

The flow across the pulmonary valve varies more than this but its range of variation is small com- 
pared with that of the right ventricular pressure or of the pulmonary valve area. It is the same 
as the cardiac output when there is no right-to-left shunt and in most cases of pulmonary stenosis 
varies between low normal and perhaps half normal. It remained within normal limits for their 
size, though generally about the lower normal limit, in more than half of our acyanotic patients 
with pulmonary stenosis, including many of those who had valvotomy (Campbell and Brock, 1955). 
In 12 of our acyanotic patients, only two of whom were in the first decade, the average pulmonary 
flow was 4-5 litres before valvotomy and 4-9 litres a minute after. In 8 cyanotic patients it was 2-7 
before and 4-3 litres a minute after valvotomy. 

The fact that the flow rate is the essential figure in the formula does not greatly increase the range 
of variation. It is the cardiac output divided by the systolic ejection time, and this depends on the 
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heart rate and on the relationship of the pressure curves. In 13 cases of pulmonary stenosis Go: in 
and Gorlin (1951) found an average systolic ejection period for each beat of 0-31 sec. and an aver: ge 
systolic ejection time of 27 sec. for each minute: they found most of the flow rates were betwi 2n 
180 and 280 ml. a second. Accepting our average cardiac output of 4-5 litres a minute and us ng 
the systolic ejection time of the Gorlins, the average P.V. flow rate is 166 ml. a second. 

We shall return later to the effect of changes in the flow but are taking, in the first place, a P V. 
flow rate of 180 ml. a second—a figure rather above our own estimate and below the mean le el 
found by the Gorlins. We shall be introducing some inaccuracy but no great error if, at first, ve 
assume 





(1) that P2 remains constant at 10 mm., and 
(2) that the flow rate is constant at 180 ml. a second. 


The formula will then express directly the inverse relationship of right ventricular pressure ad 
pulmonary valve area. 


The Area of the Normal Valve. The area of the pulmonary valve is not given in most text bocks 
of anatomy. The average circumference of the normal pulmonary orifice is given as 72 mm. in 
men and 68 mm. in women (Walmsley, 1929). Taking a circumference (2z7r) of 70 mm., the radius 
is 11 mm., the diameter 22 mm., and the valve area can not be larger than a circle of this size (zr): 
this would be 388 sq. mm. or just under 4 sq.cm. White (1951) gives a circumference of 8 to 9 cm: 
which would give an area of up to 5-8 sq. cm. I have assumed throughout that the area is rouglily 
circular, the largest area that can be obtained for a given diameter, but sometimes it may be a little 
less than this. 


RELATIONSHIP OF VALVE AREA AND MEAN SYSTOLIC EJECTION PRESSURE (P1) 


After squaring the original Gorlin formula we get the following equation 





Flow rate2 
Pl Po 52x P.VA2 


Substituting in (1) the constants that we have just discussed, we get (2) and (3). 


1802 
—_ St icecnaraiaiiietata — 9 
re 10=7552xP.VA2 (2) 
16:4 
Peet yas ©) 


From (3) it follows that for any size of valve area between 4 sq. cm. and 2 sq. cm., P1 will vary only 
between 11 and 14 mm., and as we shall see later these correspond with the right ventricular systolic 
pressures of 22 and 27 mm. Even when the area falls to 1 sq.cm. P1 will only rise to 26 mn., 
which agrees with the view held for a long time that there is no great effect on the hemodynamics 
of the circulation until the valve area has been reduced to one quarter of its original area. Wigg:rs 
(1952) writes that all investigators are agreed there is not much effect on the cardiac output or blc od 
pressure till the aortic valve is narrowed to about 60 per cent of its original diameter, which wo tld 
be 36 per cent of its original area. For a normal pulmonary valve of 4-0 sq. cm. this would be 
1-44 sq. cm. This does not mean that the valve areas have evolved to a size that is unnecessa ily 
large, for a reserve is needed so that the flow can be increased with little or no rise of pressure dur ng 
exercise (see later). 

After this, however, as the valve becomes smaller, the pressure rises more rapidly and the figu ‘es 
are given in Table I and Fig. 1A. The mean systolic ejection pressure reaches 60 mm. when _ he 
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PRESSURE AND VALVE AREA IN PULMONARY STENOSIS 
TABLE I 


RELATIONSHIP OF THE AREA OF THE PULMONARY VALVE TO THE RIGHT VENTRICULAR PRESSURE 








Right ventricular pressure (in mm. Hg) 





























P: Imonary 7 Mean systolic ejection pressures (P1) 5 “Corresponding R.V. systolic pressures 
v lve area - - - 
( q. cm.) With P.V. flow rate of With P.V. flow rate of 
360 ml. 180 ml. 90 ml. 360 ml. ; 180ml. 180 | 90m. 
to 90* 

4.0 14 i 10-2 27 22 2 20-5 
3-0 17 12 10-4 33 24 24 21 
2-0 26 14 il 47 27 27 22 

- es | 31 15-5 11-5 56 29 29 23 
1-5 39 17 12 66 32 32 24 
1-25 52 20-5 12-7 90 38 37 25-5 
1-0 75 26:5 14 124 47 41 27 

O88 102 35-5 165 172 62 53 31 
0:6 182 555 | 2S 298 95 70 39 
0:5 262 75-5 26-5 pits 128 82 47 
0-45 (324) 92 30-5 = 153 9 | 83 
0-4 (410) 112-5 35-5 nas 188 101 62 
0:35 ti 143 44 a 239 117 15 
0:3 on 192 56 an (323) 136 96 

. oe PT ae 283 Bw a a 161 133 
0-2 “- (420) 13 mi ‘ms 194 188 
0-15 a (739) 92 iat a 239 239 

Co umnNo.1 “2+ 3 4 5+ 6 Y 8 





*Estimated true figures with flow falling gradually from 180 to 90 ml. 
tColumns 2 and 5 need not be referred to till reading the section on the effect of exercise. 
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Fic. 1.—Relationship of pulmonary valve area and right ventricular (R.V.) pressures, the latter being 
drawn on logarithmic scales, with the flow rate constant at 180 ml. a second. 
(A) R.V. mean systolic ejection pressure (P1). 
(B) R.V. systolic pressure. This hardly increases till the valve area is reduced from 4-0 to 
1:5 sq.cm., but increases very rapidly after the valve area is reduced below 0:8 sq. cm. 











104 MAURICE CAMPBELL 


valve area is reduced to about 0-6 sq. cm., and then rises very rapidly to reach 100 mm. when ‘ 1e 
area has decreased only another 0-2 sq. cm. to 0-4.sq. cm. (Column 3 of Table I). At these hig! er 
pressures, the pulmonary flow and the flow rate will have begun to fall, so slowing down the rate of 
increase of the pressure. The pressure reached for each given valve area when the flow is reduc 2d 
to half is given in the fourth column of Table 1. The third column is accurate with a relativ ly 
large valve area, the fourth with a very small valve area, the true relationship of pressure and va ve 
size moving gradually from one to the other (see later). 


RELATIONSHIP OF VALVE AREA AND R.V. SYSTOLIC PRESSURE 


In ordinary work with ventricular pressures we are more familiar with the systolic and diastc ic 
levels than with the mean systolic ejection pressure (P1). In my original calculations of the relatic a- 
ship between these two, my data were very scanty and made the right ventricular (R.V.) systo ic 
pressures rather too high at the higher ranges, so that it seemed impossible for the valve area to 
be less than 0-4 sq.cm. with a normal flow, or 0-2 sq. cm. with a flow that was reduced to half. 

I am greatly indebted to Dr. Alan Johnson for giving me a chart (Fig. 2) showing a linear relatic n- 
ship between Pl and the R.V. systolic pressure. The recalculated values for the R.V. systolic 
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RIGHT VENTRICULAR MEAN 
SYSTOLIC EJECTION PRESSURE (P1) 





RIGHT VENTRICULAR SYSTOLIC PRESSURE (mm. Hg.) 
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mm. Hg. 
Fic. 2.—Relationship of R.V. systolic pressure and R.V. mean systolic 
ejection pressure (P1), based on the results of cardic catherteri- 


zation in 25 patients. Iam indebted to Dr. Alan Johnson for the 
data in this figure. 





pressures for flow rates of 180 ml. and 90 ml. a second are given in the sixth and eighth columns of 
Table I and are used for the Figures. His chart was based on 25 cases with adequate data, so ne 
before and some after valvotomy, and some after exercise. His average flow rate was 210 agai ist 
the 180 ml. a second that I used for the formula, and with the larger flow P1 (and therefore he 
related R.V. systolic pressure as well) would be a little higher for a given size of valve area. Th:re 
would, however, be little differences with a relatively large valve of 1-0 sq. cm. or more, though t’ ey 
would te greater, about 30 per cent, with the smaller valve areas considered. 

There are so many assumptions and possible errors that the reader may doubt if this theoret -al 
approach can provide any useful picture of the relationship of the valve area and the R.V. syst: lic 
pressure. The various assumptions made cannot, however, affect the general principles or cha ge 
the shapes of the curves greatly, and calculating the figures several times with various assumpti ‘ns 
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has convinced me that it does provide a picture that is of practical use. Reasons are given later 
fcr thinking that the figures are not very far from the true values. 


The right ventricular systolic pressure hardly rises till the valve area is reduced to 1-25 sq. cm. and 
is still under 50 mm. when it is 1-0 sq. cm., and only reaches 60 mm. when it is reduced to 0-8 sq. cm. 
T .ereafter the pressure rises much more rapidly and reaches 100 mm. when the valve area is 0-55 sq.cm., 
ai d 200 mm. when it is just under 0-4 sq. cm. (Table I, Column 6). 

To some perhaps this relationship will be easier to follow from the Figures. The curves relating 
the R.V. pressures—whether they are mean systolic ejection pressures (Fig. 1A) or systolic pressures 
(fig. 1B and 3)—and the pulmonary valve area are asymptotic, which means that at both ends they 
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Fic. 3.—Relationship of pulmonary valve area and right ventricular systolic 
pressure, which rises very slowly at first but very rapidly after the valve area 
is reduced to 0-75 sq. cm. 

Both parameters are drawn on normal arithmetical scales to give a picture 
of the true relationship. (Compare with Fig. 4.) 

The lower curve shows this on the assumption that there is no reduction 
of the pulmonary flow rate from 180 ml.a second. The upper curve shows 
it when the flow rate has been reduced to one-half. The thinner intermediate 
line shows what is probably the true relationship with the flow rate falling 
gradually as the pressure begins to rise sharply. 





approximate to straight lines. Starting with a normal-sized valve (4-0 sq. cm.) there is very little 
change in the pressure until the valve area is reduced to about 1:25 sq.cm. At the other extreme 
when the valve area has been reduced to about 0-75 sq. cm. an enormous rise of pressure is produced 
by very little further reduction in the valve area. 

Somewhere before this stage is reached, the rate of the rise of pressure becomes slower than it 
would be with an unchanged flow through the pulmonary valve, because the flow becomes less: 
if the flow were reduced to one-half, the systolic pressure would not reach 100 mm. till the valve 
area was 0-3 (instead of 0-55) sq. cm. and would be nearing 200 mm. when it was 0-2 (instead of 0-4) 
sq. cm. (Column 8 of Table I). This change over is illustrated in Fig. 3: the lower curve shows 
the relationship when the flow remains normal and is accurate when the valve area is relatively 
large, while the upper curve shows it when the flow is reduced to one-half and is more accurate 
when the valve area issmall. The change from one to the other must take place gradually and there- 
fore a similar-shaped curve has been drawn connecting the upper and lower curves, and this probably 
approximates to the true relationship. The average figures taken from several drawings of this 
curve (including Fig. 3 and 4 and others) are shown in the seventh column of Table I: they represent 
the nearest that we can get to the true state of affairs with this theoretical approach. 
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Just as a reduction of the pulmonary flow lowers the R.V. pressure for any given size of p) '- 
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THE EFFECT OF EXERCISE 


monary valve, so an increase of flow raises it. 


these changes in pressure are small and unimportant. In the normal subject exercise readily doub 
the pulmonary flow, and this amount of exercise does not increase the pulmonary arterial pressv 


As long as the valve size is larger than 1-5 sq. cr . 


Ons 


or, so far as is known, cause any significant gradient across the pulmonary valve. 


With moderately severe pulmonary stenosis the position is different. If, for a moment, we retu 
to formula (3), we see that as long as the valve area is greater than 1-5 sq. cm., P| is mainly depende 
on P2 which is constant; but that when the valve area becomes less than this, P1 becomes increasing 


<=-n Pp 


dependent on the second factor in the equations, 


P1=10+16-4/ P.V.A.2 (3) 


This is also true for the R.V. systolic pressure, since it has a linear relationship to Pl. Cons.- 
quently, the R.V. systolic pressure, which only rises from 22 to 47 mm. as the valve area is reduccd 
from 4-0 to 1-0 sq..cm., becomes 128 when it is reduced to 0-5 sq. cm, and 323 mm.—a level that is 
probably impossible for anyone to maintain for long—when it is reduced a little more, only to 


0-3 sq. cm. 


If the flow rate is twice as large (and this would not need very strenuous exertion), formula (3) 


becomes 


and the results are very different. 


P1=10+465-6/P.V.A.2 (4) 


The figures for an assumed flow rate of 360 ml. a second are 


given in columns 2 and 5 of Table I and in the bottom curve of Fig.4. The R.V. systolic pressure 
rises from 27 to 47 mm. as the valve area is reduced from 4-0 to 2-0 sq. cm., and reaches 66 mm. 
while it is 1-5 sq. cm., 124 mm. while it is 1-0 sq. cm., and 172 while it is still 0-8 sq. cm. 


PULMONARY VALVE AREA (sq.cm. ) 
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Fic. 4.—Relationship of R.V. systolic pressure and pulmonary valve area, but 
with the latter drawn on a logarithmic scale to distinguish more clearly the 
differences between the smaller valve areas. 

The lowest curve (not shown in Fig. 3) represents the relationship during 
exercise with a pulmonary flow rate of 360 ml. a second. The middle curve 
represents it with a steady flow rate of 180 ml. and the upper curve with a 
flow rate of 90 ml. a second. The normal relationship is, we think, repre- 





sented by the thinner line moving from the middle curve to the upper curve. 
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The flow could not be doubled if the valve area was 0-6 sq. cm. or less, for by this time the R.V. 
vstolic pressure would have reached 298 mm. (see Table I). This does not mean that it is impossible 
r a patient with this degree of pulmonary stenosis to take exercise of this severity, for there are 
her ways of getting the extra oxygen. The patient may make a greater use of the available arterial 
ygen so that there is a larger difference than usual between the arterial and venous oxygen contents 
d a lower venous oxygen than usual with this degree of exercise. But it does mean that he is 
‘ting into difficulties. 

Put it another way, the flow will increase less than is desirable for this amount of exercise: at 
fi st the relationship of the pressure and valve area will be shown in Column 5 of Table I, but at 
tk > higher levels, the pressure will move over to somewhere between this and the figures given in 
Column 6. Partly because of the further assumptions that would have to be made, and partly 
b: cause there are less data about exercise, I have not calculated a further set of figures for this. 
li fact, Table I, which started with only four columns of figures, has become too detailed to show 
e: sily my main conclusions. These are, therefore, set out more shortly and, I hope, more clearly 
ir Table II. The figures show that the pressures should be increased two or three times with 
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TABLE II 


RELATIONSHIP OF RIGHT VENTRICULAR SYSTOLIC PRESSURE TO PULMONARY VALVE AREA 





Right Ventricular Systolic Pressure 














(in mm. Hg.) 
Pulmonary ———___— —____— —_— 
valve area With exercise that With a steady flow | Under normal 
(in sq.cm.) increases the P.V. rate of 180 ml. conditions, with the 
flow rate to 360 ml. flow rate falling 
from 180 to 90 
4:0 27 22 22 
2:0 47 27 27 
1-25 90 38 37 
1:0 124 47 41 
0:8 172 62 53 
0-6 298 95 70 
0-4 -- 188 101 
0-3 _- (323) 136 
0-2 — 194 





exercise, and in fact R.V. systolic pressures of 75 to 100 mm. have been nearly doubled in several 
patients with the easy exercise that can be taken while such pressures are being measured 
(Johnson, personal communication, to be published). The similar influence of coarctation of the 
aorta in producing a very large rise of pressure with exercise is now well known. 


VALVE AREAS FOUND AT OPERATION 


So far, we have been dealing with purely theoretical considerations, the relationship of the valve 
area and pressure depending on the Gorlin formula. Practical experience shows that it is uncommon 
to find an R.V. systolic pressure of 240 mm. or much above this. This would mean a valve area of 
about 0-20 sq. cm.—0-35 with a normal flow or 0-15 sq. cm if, as is more likely, the flow has been 
reduced to half. This seems to be about the smallest size that is compatible with life. 

If this is so, the measurements that we, and others, have reported at necropsies are too small, 
probably because they were smaller than they had been in life owing to some shrinkage of the 
valve after death. In our 14 cases of simple pulmonary stenosis with necropsy (Campbell, 1954) 
the average diameter of the valve was 2-5 mm. which would give a valve area of 0-05 sq. cm. We 
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think this is much too small to be compatible with life, for the pressure needed to produce ever a 
small flow would be greater than anything that has been found. 

Campbell and Missen (1959), in a discussion of patients with pulmonary stenosis who had liv :d 
to 60 years or more, thought that on the rather scanty evidence of these cases the diameter of t ie 
valve averaged about6mm. This would mean a valve area of about 0-28 sq. cm. and a R.V. systo ic 
pressure of just over 134 mm. It seems probable that the pressures were lower than this and tt it 
the valve areas were in the region of 0-5 to 0-6 sq. cm. so that again at necropsy the estimate of t ie 
diameters (and therefore of the valve areas) was too small. 

While writing the preceding part of this paper I refrained from any discussions about the val 
areas found at open operations. Later, without revealing my calculations, I asked Sir Russ ll 
Brock for his views and he kindly replied as follows. ‘‘I should hate to be precise at the mome it 
and it would be better to make exact measurement at operation. Since performing open valvotom y, 
however, I have been surprised to find the valve area much bigger than I anticipated. Assumiig 
that the shape of the orifice is a rough triangle or a circle based on a triangle, the opening in adu ts 
can be as much as | cm. along each side of the triangle in the milder cases and 0-75 cm. in avera:e 
cases. In severe cases, the opening is usually more nearly circular and about 0-5 cm.: an orifice of 
0-3 cm. in an adult would be extremely severe and in the last stages.” 

This means that the milder cases submitted for operation would have a valve area of about 
0-79 sq. cm. with a systolic pressure of 50 to 60 mm. Hg, and the average cases one of 0:44 sq. cm. 
with a pressure of probably about 100 mm. (135 mm. with a normal flow and 87 mm. with the 
estimated reduced flow: see Table I). For the severe cases, the area would be just under 0-2 sq. cm. 
with a pressure of 188 mm. Hg, assuming the flow was reduced to one-half. 

The calculations suggest that this is getting near the lowest possible limits, and that Sir Russell’s 
estimate for the exceptionally severe cases is slightly lower than is possible, since it would imply an 
area of only 0-07 sq. cm. If, however, we add only | mm. to his estimate of the diameter of the 
smallest possible valve, the area would be 0-13 sq. cm. which is very near our estimate of 0-15 sq. cm. 
as the smallest valve area compatible with life. The observed pressures in the milder and average 
cases suggest that my calculations ought to show a higher pressure for a given valve area or that 
the valve areas here may have been a little smaller than Sir Russell’s estimates, since relatively few 
had been operated on with systolic pressures under 100 mm. In fact, of 59 patients operated on 
by Sir Russell whom I have studied, only 1 had a systolic pressure between 80 and 99, 25 between 
100 and 139, 27 between 140 and 179, and 6 above this, about 200 mm. (Campbell, 1959). 

We have emphasized throughout the many assumptions we have made that must introduce some 
errors, but we think this comparison with the sizes found at operation shows reasonable general 
agreement. On the whole, this comparison confirms that the figures given for the relationship 
between the valve areas and pressures are not very far from the truth, though it would be too much 
to hope at this stage that they are accurate. It will be interesting to see, now that more actual 
measurements of valve area and pressure are being obtained, how nearly accurate they may prove 
to be. 

I have the greatest admiration for the pioneer surgery that obtained such good results with 
pulmonary valvotomy at closed operations, but I have wondered sometimes how it was possit le 
under these conditions for anyone to obtain such good results so consistently. Perhaps the figui 2s 
help to explain this, for they show how great would be the benefit produced by even a small incre se 
in the size of the valve in the patients with the more severe stenosis. In fact the low pressures fou id 
at recatheterization after valvotomy in many patients show that the valve opening had be:n 
enlarged more than this and had been made an adequate size. 

It would be wrong to advise patients about the need for operation on such theoretical groun js 
as those discussed here. When, however, further observations on living patients have made it 
possible to draw accurately such curves as are shown in Fig. 3 and 4, it seems that the point whe re 
the curve begins to turn sharply will indicate the pressure and valve area at which operation is 
becoming necessary, if it is not to be too late. 
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On the present evidence, operation seems to be needed urgently when the valve area is reduced 
to 0-6 sq. cm.; and in a younger patient, where the pressure rises more frequently with exercise 
anc where there is a greater risk of the valve becoming smaller, when the valve area is about 
1-0 sq. cm.; but on present knowledge the pressure is a more reliable guide than the valve area. In 
ar cent review of patients after operation (Campbell, 1959), the result seemed entirely satisfactory 
wh re the R.V. systolic pressure had been reduced to 50 mm. (calculated valve area, 0-8 sq. cm.) 
but those where it was still 70 mm. (valve area, 0-6 sq. cm.) did not get good electrocardiographic 
rec »very, though they were greatly improved clinically. 


SUMMARY AND CONCLUSIONS 


he relationship of the right ventricular systolic pressure to the pulmonary valve area has been 
cal ulated from the formula of Gorlin and Gorlin (1951), though certain additional assumptions 
ha, > had to be made. Assuming that the pulmonary flow remains normal when the valve area is 
1:2. sq. cm. or more and then falls gradually to half the normal as the valve becomes smaller, they 
car be summarized as follows. 


Pulmonary valve area (in sq. cm.) R.V. systolic pressure (mm. Hg) 
4-0 to 1-25 22 to 37 
10 to 08 41 to 53 
0-6 to 0-5 70 to 82 
0-4 to 03 101 to 135 
0-25 to 0-15 161 to 240 


The pressure rises very little as the valve area becomes reduced from 4-0 to 1-25 or even 
1-0 sq. cm., but then rises increasingly fast as it is reduced to 0-75 and 0-5 sq. cm., and thereafter 
precipitously. A valve area of less than 0-15 sq. cm., is probably incompatible with life and it is, in 
fact, surprising that life can be maintained with a minute opening of this order of size. Even the 
valve sizes that are reasonably adequate at rest produce much greater rises of pressure with exercise, 
and an area of less than 1-0 sq. cm. is a considerable handicap under these conditions. 


| am most grateful to Dr. Alan Johnson for providing me with the data relating right ventricular mean systolic 
ejection pressure and ordinary systolic pressure. I should like to thank Sir Russell Brock for allowing me to quote 
his present views about the size of the valve and indeed for our close association over the last twelve years which has 
enabled me to take an interest in these subjects. I should also like to thank Miss Treadgold for the Figures. 
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The examination of the neck is an essential part of every investigation of the heart. Over-filling 
of cervical veins had long been known as a sign of heart failure when Lewis (1930) laid down standard 
methods for this test, which needs attention to detail and close scrutiny; even so, the appraisa! is 
sometimes difficult. The meaning of fixed bilateral filling as compared with ebb and flow is sclf- 
evident, but unilateral venous congestion, when there is no clear causal obstruction is not so easy 
to understand. In this paper, attention is drawn to the frequent occurrence of unilateral filling of 
the left external jugular vein and reasons are given for regarding it as a sign of a high and probably 
rigid aortic arch. Since this sign is caused by the aorta compressing the left innominate vein from 
below, the sign is named the kinked innominate vein. 

A high aortic arch frequently causes tortuosity of the right common carotid artery which winds 
below the clavicular head of the sternomastoid muscle. This physical sign was first fully described 
by Parkinson et a/. (1939) who studied it in 47 patients and named it the “kinked carotid”. They 
found that it was generally associated with hypertension and arteriosclerosis, but in one-quarter of 
the cases with arteriosclerosis alone. It occurred in women but hardly ever in men. The new sign 
that is now defined is in a sense a natural counterpart of the arterial sign, both being due to the 
same cause, namely, a high and probably rigid aortic arch. The signs have in common also the 
fact that they may lead to mis-diagnosis—on the one hand, a false diagnosis of aneurysm of the 
carotid or innominate artery, and on the other a suspicion of glandular or other cause of obstruction 
in the mediastinum or even of heart failure. The differential diagnosis will be considered in more 
detail later. 


CLINICAL FEATURES 


In the patient of medium or spare build, lying relaxed at an inclination of 45°, some normal 
structures of the neck are clearly seen. They are shown on the right side of the neck in Fig. 1 anc 2. 
In both of these photographs the sternal and clavicular heads of the sterno-mastoid stand out and 
the lateral border of the clavicular head makes an angle of about 90° with the clavicle. Super- 
ficial veins may be seen but they are not filled, as may be shown by the usual clinical test. In «he 
normal person these land-marks are seen on both sides of the neck, hardly any disparity be ng 
noticeable. 

In order to elicit the sign of the kinked innominate vein, the observer must view the patient as he 
lies relaxed with the trunk at an inclination of 45°. He must inspect the neck in a good |i zht 
either from the foot of the couch or by leaning well across the patient, who must not move 11is 
head. These apparently obvious points are emphasized, because a helpful patient often unwittir zly 
obscures the sign by turning his head a little to the right as the observer leans across to view he 
left side of the neck. This may be the reason why a search has failed to reveal any previous rec. rd 
of this sign. In Fig. 1 it is seen that the usual clear border of the sterno-mastoid is broken on he 
left side by the filled external jugular vein which forms a slightly sigmoid prominence in the eft 
110 


Fic 





FIG 


pos 
the 
sis 
hig 
sul 
pla 


toc 








-filling 
andurd 
Aisa! is 
is sclf- 
0 eusy 
ling of 
obably 
n from 


. winds 
scribed 
They 
irter of 
‘Ww sign 
to the 
Iso the 
of the 
ruction 
n more 


normal 
| ana 2. 
yut and 
Super- 

In «he 
y be ng 


nt as he 
yd. Ji zht 
ove 11S 
ittir zly 
iew he 
record 
1 on he 
the eft 











KINKED INNOMINATE VEIN 





Fi . 1.—Woman, aged 56. B.P. 210/130. No dyspnoea; not in heart failure. Radioscopy shows left ventricular 
hypertrophy. X-ray of chest shows high and unfolded aortic arch. The distended left external jugular vein 
crosses the sterno-mastoid muscle to lie in the floor of the posterior triangle of the neck. 





Fic. 2.—Woman, aged 61. B.P. 260/130. Advanced arteriosclerosis; not in heart failure. Suprasternal pulsation 
in neck. X-ray shows high and atheromatous aortic arch. The over-filled external jugular vein lies in the floor 
of the posterior triangle. 


posterior triangle. A similar appearance is seen in the left side of the neck in Fig. 2. Sometimes 
there is a most conspicuous disparity between the veins on the two sides, as shown in Fig. 3. Kypho- 
sis may contribute to the sign by, as it were, lowering the great veins on to an aortic arch already 
high, as in Fig. 4. Fig. 5 shows, as does Fig. 4, the two sides of the neck photographed with 
suitable and identical lighting and in both of these instances the sign of the kinked innominate is 
plainly shown. The ages of the patients ranged from 50 to 66. 


ANATOMY AND CAUSATION 
The sign of the kinked innominate has been observed by me in scores of patients since I first 
took note of it in 1937. The difficulties of putting it on pictorial record, and especially in patients 
seen in the consulting room are obvious. However, the five examples here described and photo- 
graphed suffice to make clear its features as already detailed. 


Anatomy. The left subclavian and the left jugular veins unite at the level of and posterior to the 
left sterno-clavicular joint to form the left innominate vein. Measurements of the size of the 
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Fic. 3.—Woman, aged 66. Cardiac infarction; 2:1 A-V block; later, auricular fibrillation, but no signs of heart 
failure. B.P. 170/105. X-ray shows enlarged left ventricle and an elongated atheromatous aorta. External 
jugular vein breaks the line of the sternomastoid muscle and ends in a flat prominence in the floor of the posterior 
triangle. 





Fic. 4.—Man, aged 60. Admitted with cerebral thrombosis and left hemiplegia. B.P. 230/140. Generalized 
arteriosclerosis. Kyphoscoliosis exaggerates height of aortic arch seen in X-ray, which also shows left ventricular 
enlargement. Conspicuous disparity of the external jugular veins. 


normal left innominate vein have been made by Roberts ef a/. (1951) by means of angiograpliy. 
Among 66 patients (average age 48 years) they found the mean length to be 7:2 cm.; the diame er 
ranged from 5 to 18 mm, with a mean of 11-7 mm. This vessel passes to the right and sligh ly 
downward to join with the right innominate vein in forming the superior vena cava. In its couse 
the left innominate vein comes into relation at its lower border with the antero-superior surface of 
the arch of the aorta (Fig. 6). Springing from the latter are the great trunks of the left common 
carotid, left subclavian and the innominate arteries; at their origins, these vessels are poster or 
relations of the left innominate vein (Fig. 7). 


High Aortic Arch, Arteriosclerosis, and Atheroma. Bearing in mind the anatomical features j ist 
described, it will readily be understood that if the aortic arch rises higher than its usual positio: it 
will compress the vein from below. As Hinshaw and Rutledge (1942) have pointed out, “‘th 'se 
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Fu . 5.—Man, aged, 57. Angina of effort. Essential hypertension. B.P. 265/160. Not in heart failure. X-ray 
shows left ventricular hypertrophy and a high unfolded aortic arch, which causes the overfilling of the cervical 
veins on left side. 


f heart 
xternal 
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ster or 


Fic. 6.—Vertical section of thorax to show normal relation of aortic arch (A) to left 
innominate vein (C). The vein is in a position in which it could readily be com- 
pressed between an enlarged aortic arch and the manubrium sterni. 
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Fic. 7.—Horizontal section of thorax at level of left innominate vein (C) to show normal relation be- 
tween it and innominate artery (D), left common carotid (B), right innominate vein (E), and 
aorta (A). , 


thin-walled veins in the mediastinum are filled with blood under very low pressure. They are 
anteriorly situated close to the bony thorax and may consequently be readily compressed by 
expanding mediastinal lesions”. Equally, any enlarging structure, such as the aortic arch, may 
compress them. Conditions that are known to displace the arch upward are high blood pressure, 
which also unfolds the arch of the aorta, and arteriosclerosis which causes elongation of the 
vessel even in the absence of hypertension. Similar changes in the great trunks that spring from 
the arch behind the vein may contribute to the compression. 


Atheroma of the Aorta. A rigid aortic arch, as is often found with atheroma and calcificat on, 
will be likely to interfere more with neighbouring venous flow than would an aorta dil:ted 
dynamically and therefore exerting only intermittent pressure. 

In all of the instances here quoted and illustrated an X-ray film of the chest has been taken :nd 
some are reproduced with the photographs of the neck. In every case the aortic arch is seen ti be 
abnormally high, and in two patients (Fig. 2 and 3) is obviously atheromatous. In those t! ree 
cases in which it is not, the aorta shows the unfolding characteristic of hypertension. In non of 
the X-rays is there anything to suggest a local cause of venous obstruction, such as enlarged lymph ttic 
glands or a retrosternal goitre. 


Hypertension. Nearly all persons showing the kinked innominate sign have hypertens >n. 
The blood pressures of the five patients illustrated were: 260/130, 265/160, 210/130, 230/140, : nd 
170/105 mm. Hg. The influence of hypertension in elevating and unfolding the arch of the ac ta 
has already been referred to. 











ve: 
sh. 
th 


lo 


in 


nc 





ey are 
sed by 
1, may 
essure, 
of the 
> from 


cation, 
dil: ted 


en ind 
1 ti be 
> t! ree 
on. of 
ph itic 


ns. on. 
10, : nd 
> ac ta 











KINKED INNOMINATE VEIN 115 





Possible Local Causes. It might be questioned whether the filling of the left external jugular 
ve n could be due to local causes, for example compression by cervical fascia. If this were so there 
should be no disparity in the venous pressure in the arms in patients showing this sign. To test 
th ; possibility venous pressures have been recorded by saline manometry in the antecubital veins 
in several patients showing this sign. The results of these observations are given in Table I. 


TABLE I 
COMPARATIVE BRACHIAL VENOUS PRESSURES IN PATIENTS WITH KINKED LEFT INNOMINATE VEIN 





Patient Age and sex | B.P. Venous pressures in cm. water 
related to sternal angle 





| Rt. antecubital | Lt. antecubital 


| 220/140 | 03 3-5 





RC. | 44 M | | 

H. 53 =F 220/140 +0 | 12 
O. 51 OF 210/110 | 03 7-5 
M.B 52 *F 


160/100 | +0 | 2:7 








These results suggest that when the sign is present there is a rise of pressure in the whole 
of the venous system of the neck and arm on the left side: the disparity must therefore be due to 
co.npression proximal to the junction of the subclavian and innominate veins. It has already been 
shown that compression by a high aortic arch is a reasonable and even probable explanation. 

There remains the possibility that the pressures in the brachial veins are naturally unequal, 
Measurements in a number of control subjects have shown that this is not the case (Table II). 


TABLE II 
COMPARATIVE BRACHIAL VENOUS PRESSURES IN NORMAL CONTROLS 














Male subjects | Female subjects 
Control BRE TEFERERRITRAREE RES SLA 
Pressure in R. ante- | | | | | | 
cubital vein .. | 49 | 2 +0 | +0; +0 | +0/ +0 +40 | 23 | +0 | +40 | +0 02 
—_— | | 
Pressure in L. ante- | | | | | | | | | | | 
cubital vein =... | +0 | +0 | 40 / 03 | O5 | O2 | 21 | O8 | 40! OF | 04 | 03 | +0 
| | | | | 


| 


| 





Venous pressure in cm. water related to sternal angle. 


THE DIAGNOSTIC SIGNIFICANCE OF THE SIGN 


The clinical diagnosis of enlargement or elongation of the aorta may be obvious at first sight, 
as when an aorta increased in girth produces a general thrust or a local pulsation visible and palpable 
at the upper part of the chest. Likewise, an aortic arch rising very high may produce a pulsation 
palpable in the suprasternal notch. Beyond these signs there are few that are dependable. Lewis 
(1946) claimed that central dullness on percussion across the second and sometimes the first inter- 
costal space was a valuable sign, but at best it is inconclusive. An aortic second sound that is 
loud and sometimes palpable (“‘diastolic shock”) suggests an increased girth or rigidity of the 
ascending aorta, but again, this cannot be regarded as a first-class sign. The kinked carotid is a 
valuable sign of a high aortic arch but it is almost confined to women. In the circumstances, the 
value of the new sign becomes clear in that it provides an additional and important piece of evidence 
indicating a high and probably rigid aorta. Moreover, it is found as often in men as in women. 
What is the explanation of this differing sex incidence of the kinked carotid and the kinked in- 
nominate is not known. 
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It should be emphasized that this sign has nothing to do with the cervical venous signs found in 
congestive heart failure, although this may be suggested at first glance. In this state, with faili re 
of the right ventricle or the heart as a whole, the cervical veins tend to be more in evidence on tte 
right than the left (Hunter, 1927). Of the patients here described, none was in heart failure. The 
X-rays of the chest show no hilar congestion or pulmonary plethora, with the possible exception of 
the patient in Fig. 4 whose state was deteriorating through cerebral thrombosis—but it will be se 2n 
that in him the right side of his neck shows no venous congestion, and the film gave abundént 
explanation of the unilateral venous congestion. 

There are several other conditions that may cause appearances simulating this sign. Obstric- 
tion by neoplasm is the commonest but it is likely to cause general obstruction of the superior ve 1a 
caval system, whether the tumour be benign (e.g. goitre) or malignant and whether the mass > 
primary or of secondary glandular origin. Operative procedures such as thoracoplasty and pneu- 
monectomy may interfere with drainage of the superior vena caval system but, again, this is more 
likely to cause bilateral or right-sided signs than solitary left-sided congestion. Exceptions to this 
generalization are quoted by Norris and Landis (1938). 


SUMMARY 


A study has been made of unilateral left-sided engorgement of the external jugular vein. It is 
found to be produced by pressure upon the left innominate vein exerted from below by a high and 
probably rigid (atherosclerotic) arch of the aorta. 

This sign is analogous to the well-known kinked carotid but unlike that sign it is seen as often 
in men as in women. It has nothing to do with the venous congestion of heart failure which is 
bilateral. 

Photographs of the sign are shown and corresponding X-ray films, demonstrating the relation- 
ship to a high and sometimes atheromatous aorta. 

Hypertension, essential or atherosclerotic, of moderate or severe grade is almost always present 
when this sign is seen. 

Measurements of brachial venous pressure have shown materially higher pressures on the left 
side in patients with this sign. On the other hand, such comparisons in normal controls have 
shown that ordinarily the venous pressures in the arms are practically equal. 

The kinked innominate is held to be a useful addition to the rather tenuous means hitherto avail- 
able for the clinical diagnosis of aortic enlargement. 


I have to thank Dr. J. N. Mickerson for much technical assistance. To Miss P. M. Turnbull, Medical Phoio- 
grapher to the Charing Cross Hospital, I am indebted for the means of clearly depicting this sign. 
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In spite of the increased clinical recognition of coarctation of the aorta, there is still only a 
lin ited knowledge of the hemodynamic disturbances in this condition. Further, although surgical 
co rection has now become a routine and safe procedure, no comprehensive report of the circula- 
to: / adjustments after resection has yet been published. 

in 1931, Blumgart et al. studied the arteriovenous blood oxygen content difference in the arms and 
leg of two patients with coarctation. In addition, by simultaneous brachial and femoral arterial pressure 
tra ings they demonstrated the damping and delay of the pulse wave as it passed down the aorta. However, 
boia patients were in heart failure and one had also pulmonary tuberculosis. 

Grollman and Ferrigan (1934), Strayhorn (1936), and Lequime (1940) all found a raised or high normal 
res:ing cardiac output in single cases of coarctation of the aorta by the acetylene technique. Stewart and 
Bailey (1941) also studied the cardiac output of 14 patients with coarctation by the same method and reported 
that the resting cardiac output was normal or slightly raised. However, Grollman’s patient and five of 
Stewart’s had aortic regurgitation and two of the latter series had also clinical evidence of heart failure. 

Bing et al. (1948) determined the resting cardiac output by right heart catheterization in 16 patients 
before and in 9 after operation. Although the mean resting cardiac output was normal both before and 
after operation, in three patients it was greater than 5-0 1./min./sq.m. on both occasions. A significant post- 
operative fall of brachial arterial blood pressure without change in the cardiac output was observed in most 
of these patients at the time of the second studies, three weeks after operation. 

Beard et al. (1951) studied 14 patients with uncomplicated coarctation by means of a dye dilution tech- 
nique and intravascular pressure records. The cardiac output at rest was either normal or slightly raised 
in all of them before operation, but decreased in each of the six studied after operation. Many of them 
had brachial systolic hypertension before operation, which was reduced although still raised above normal 
at the time of the second studies, two weeks after aortic reconstruction. The femoral arterial mean pressures 
were within normal limits both before and after operation. Following resection, the delay in onset of the 
femoral pulse and the interval between onset and attainment of peak pressure were both decreased, supporting, 
the earlier observations of Brown et al. (1948) and Hallenbeck et al. (1951). 

Werk et al. (1956) have reported similar findings in seven patients with coarctation studied at rest before 
reconstruction of the aorta. Although the mean resting cardiac output of all seven was within normal limits, 
two had outputs greater than 4-8 |./min./sq.m. In addition, the cardiac output and right atrial, pulmonary, 
and mean systemic arterial pressures were determined during exercise in two of them before and after opera- 
tion. The exercising pulmonary arterial pressures were normal in both instances, but the response of the 
cardiac output to exercise cannot be assessed in the absence of exercising oxygen uptake data. In both 
patients, moreover, the coarctation was complicated by valvular heart disease. Culbertson et al. (1957) 
while studying the hepatic and renal circulations in this condition, reported a high or normal resting cardiac 
output in eight patients and an abnormally low cardiac output in two others with left ventricular failure. 

The raised blood pressure found in patients with coarctation is still unexplained. Blumgart et al. (1931) 
and Lewis (1933) considered it to be due to the increased total resistance of the coarctation and the collaterals. 
Page (1940), Steele (1941) and later Genest et al. (1948), have suggested that a renal mechanism similar to 
that demonstrated by Goldblatt was the probable cause of the hypertension. More recently, Harris et al. 
(1950) and Werk6 er al. (1956) have found that the renal blood flow was normal both before and after 

* Present address of bo:h authors, Department of Medicine, University of Edinburgh. 
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resection of the coarctation and that such changes as were found did not correlate with the blood pres: ure 
changes. Prinzmetal and Wilson (1936) claimed to have demonstrated abnormal vasomotor behaviou ° in 
the upper limbs of patients with coarctation, but neither Pickering (1935) nor Patterson et al. (1957) t ave 
been able to confirm these observations. Pickering (1955), Graybiel et a/. (1935) and Granstrém (1‘ 51) 
have all hinted at a clinical and functional dissimilarity of the hypertension in this condition and tha of 
essential hypertension. However, apart from the absence of the development of malignant hyperten: ion 
in coarctation, no other precise difference has yet been convincingly demonstrated. For this reason the 
findings in normal subjects (Donald et al., 1955) and patients with essential hypertension (Taylor eg al., 
1957), studied in this laboratory under the same conditions, are included in the results for comparison 

Crafoord and Nylin (1945) reported that the brachial arterial pressure had returned to normal level : in 
their first two successfully resected cases. Since that time there have been numerous reports of the ret irn 
of the brachial blood pressure to “‘normal”’ after operation. Gross (1953) in fact considered that the re ec- 
tion was inadequate if a normal brachial arterial pressure was not achieved after operation. These erly 
claims were not fully supported by Counihan (1956) who studied the brachial blood pressure under more 
controlled conditions in 20 patients after successful and adequate resection of the coarctation: he found 
that, although the resting blood pressure was almost invariably reduced after operation, it still remained 
abnormal in a large number of instances. Campbell and Baylis (1956) and Campbell (1958) reached 
similar conclusions. 


Thus it will be seen that in previous work, only certain rather isolated aspects have been studied, 
almost always at rest and sometimes in patients with associated valve disease and even heart failure. 
This work describes the circulatory changes that occur at rest and during exercise, before and after 
operation, in a series of fit patients with uncomplicated coarctation of the aorta and without heart 
failure. 


METHODS 


Clinical Details. Observations were made on 20 patients with coarctation of the aorta at rest and 
during exercise. Clinical and laboratory details of these patients are summarized in Tables I and Il 
respectively. In all patients the coarctation was of adult type, the constriction being at or just distal to the 
origin of the left subclavian artery. In 12 the diagnosis was confirmed at operation and in the remainder 
the diagnosis was based on the clinical and radiological findings. End-to-end anastomosis of the aorta 
was carried out in all except one (CN1) in whom an aortic graft was inserted. The 12 patients in whom 
the coarctation was resected were restudied between 6 and 18 months after operation. All patients had 
been in hospital, but not confined to bed, for two weeks before the study and none were receiving any 
medicinal therapy. The sexes are nearly equally represented (M:F=11:9) and their ages ranged from 15 
to 37 years (mean 24 years). Seven of the 12 patients in whom the coarctation was resected were women. 
Their ages ranged from 16 to 37 years (mean 26 years) at the time of operation. 

Headache was the presenting symptom in 8 of the 20 patients. Four complained of leg cramps on 
exercise, and in one of them it was the presenting symptom. The remaining 11 were symptom-free and had 
been referred when abnormal physical signs had been discovered during routine antenatal, insurance, 
factory, or mass-radiograph examinations. No patient complained directly of breathlessness on exertion. 
The resting brachial arterial pressure was recorded by mercury sphygmomanometry, usually sitting but 
occasionally reclining, in each patient every two hours for 72 hours immediately before the study and the 
range of readings is shown in Table I. No patient had any clinical evidence of valvular or other h»art 
disease and all were in sinus rhythm. The femoral pulses were absent or barely palpable before opera: ion 
in all. At the time of the post-operative second study the femoral and more distal pulses were stro: gly 
palpable in all patients. Synchronous brachial and femoral arterial tracings were performed on five (C NI, 
CN3, CN7, CN10, and CN17) before and after operation. All demonstrated a reduction in delay of o iset 
of the femoral pulse and a greatly increased femoral pulse pressure after operation. Before operation : nly 
one (CN3) had certain but moderate left ventricular enlargement, as judged clinically and radiologic: lly: 
this had decreased considerably 18 months after operation at the time of the second study. Three ot ‘ers 
(CN1, CN7, and CN14) had a radiological cardiac configuration suggesting left ventricular hypertrc »hy 
without dilatation: this had disappeared 18 months after operation in one (CN14), and was unchange ! in 
the othertwo. Eight (CN1, CN2, CN3, CN7, CN10, CN14, CN17, and CN19) showed electrocardiogra: hic 
evidence of left ventricular hypertrophy. In seven of these the coarctation was resected and after opera on 
four (CN1, CN7, CN10, and CN14) had normal records and in three the pattern was unchanged; »ne 








(CN 
duri 
prot 
grea 
norr 
The 


win, 
diffi 


exer 
vent 
and 

stud 
stud 
arte! 
cape 
10¢ 
was 





es: ure 
iou * in 
7) Fave 
(1651) 
tha of 
ten: ion 
son the 
- et all, 
son 

evel : in 
» ret umn 
ere ec- 
se evirly 
r more 
> found 
mained 
reached 


tudied, 
failure. 
d after 
t heart 


est and 
and Il 
1 to the 
nainder 
e aorta 
1 whom 
nts had 
ing any 
rom 15 
women. 


mps on 
ind had 
surance, 
xertion. 
ing but 
and the 
ar heart 
era: ion 
stro: gly 
2 (CNI, 
of © iset 
on « nly 
gic: lly: 
> ot .ers 
rtrc hy 
nge | in 
gra: hic 
era on 
ed; ne 








CIRCULATORY STUDIES IN COARCTATION 











TABLE I 
CLINICAL DETAILS OF PATIENTS STUDIED 

P tient Sex | Before | Age | Surface | Symptoms and duration Range of resting 
| or after yr area | | brachial arterial 

operation | | sq.m. | | pressure mm. Hg 
| Systolic | Diastolic 

(N1 | F Before | 26 1-23 Headaches—7 yr. Leg cramps—S yr. 220-250 | 110-120 
After | 28 | 14:31 | None 140-160 | 80-100 

CN2 { ¥F Before 34 | 1-67 Headaches—20 yr. | 160-180 | 100-110 
After 36 1-67 Unchanged 160-170 | 100-110 

( N3 F Before 32' |; 1:36 | Headaches—S yr. 210-300 | 110-140 
After 34 1-35 None 160-210 | 110-120 

(N4 | F Before 16 1-61 Headaches—1 yr. 180-190 | 80-100 
After | 17 1-68 None 140-160 | 90-100 

«N5 F *Before | 25 1:71 | None | 150-160 | 100-110 
( N6 F Before 22 1-52 Headaches—S yr. Leg cramps—3 yr. 180-230 | 100-110 
After 22 1-51 Leg cramps unchanged 130-150 | 80-90 

( N7 F Before 24 1-52 | None 230-200 | 120-130 
After | 24 1-53 | None 150-160 | 90-100 

( N8 | F Before 29 1-69 | Headaches—3 yr. Leg cramps—l yr. 180-200 | 100-110 
After 31 1-66 Leg cramps unchanged 140-150 | 80-90 

«N9 M Before 18 1-52 None 160-200 | 100-110 
After | 20 | 1-84 None 140-160 | 80-90 
(N10 M Before 37. | 1:89 | Headaches—1 yr. Palpitation—1 yr. 180-200 | 100-110 
After | 37 1:90 | None 150-170 | 90-100 
(N11 | M | *Before 15 1-65 None 160-180 | 80-110 
(N12 | M Before | 17 1:78 | Leg cramps—3 yr. 180-200 | 110-120 
After 18 1-80 | Leg cramps unchanged 160-170 | 90-100 
CN13 M | *Before 17 1:72 | None 160-180 | 80-100 
CN14 M Before | 35 1-62 | Headaches—1 yr. 200-220 | 115-130 
| After 35 1-62 None 130-150 | 80-100 

CNIS F | *Before | 20 1-80 None 140-160 | 70-90 
CN16 M | *Before 18 | 1-87 | None 180-190 | 70-80 
CNI17 M Before 16 1-83 None 210-260 | 110-135 
| After {| 16 | 2:06 | None | 170-190 | 100-110 
CNI8 | M | *Before | 30 1-65 | None 200-230 | 110-130 
CN19 M | *Before 18 | 1-95 None 200-220 | 110-130 
CN20 M | *Before | 28 1:79 | None | 170-200 | 110-120 





* These 8 patients have not had an operation. 


(CN19) was not restudied. Radiological rib notching was present in all patients and remained unchanged 
during the 18 months following operation. The optic fundi were normal in all and in none was there any 
proteinuria or other abnormal urinary constituents. All were able to concentrate urine to a specific gravity 
greater than 1022 after nine hours water deprivation and their creatinine clearances were also all within 
normal limits both before and after operation. Intravenous excretory pyelograms were normal in all. 
The blood hemoglobin concentration was within normal limits in all patients at the time of both studies. 
In view of the current controversy concerning the risks of pregnancy in coarctation of the aorta (Good- 
win, 1958), it is of interest that four of the six married women had each had two normal pregnancies without 
difficulty before operation. The remaining two women had normal pregnancies subsequent to operation. 
Laboratory Techniques. All patients were investigated in the fasting condition and each performed leg 
exercise in the supine position on a constant-speed variable-load bicycle type of ergometer. The patient’s 
ventilation, oxygen uptake, and arterial and mixed venous blood oxygen saturations were measured at rest 
and during the fifth minute of leg exercise carried out at a constant speed and set load. In nine patients the 
study was repeated at one or two further levels of exercise, after a rest period of 20 minutes between each 
study. Arterial samples were withdrawn and pressures recorded from an indwelling needle in the brachial 
artery. The expired air was collected in a Tissot spirometer and intravascular pressures were measured with 
capacitance manometers and recorded on a Sanborn Poly Viso. The zero reference level was fixed at 
10cm. above the plane of the X-ray table and in each subject the height of the sternal angle above the table 
was also recorded. Pulsatile pressures were measured at the end of expiration and mean pressures through- 
out the respiratory cycle. Pulmonary wedge (pulmonary “‘capillary’’) pressures were obtained by impacting 
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TABLE II 
OBSERVATIONS AT REST AND DURING EXERCISE 


BEFORE AND AFTER CPERATION IN PATIENTS WITH COARCTATION OF THE AORTA 




















Patient | | State | Oxygen | 
uptake 
ml./min./ 

| sq.m. 

| NTP 
: | BIA 
CNI |Rest | 151| 144 
Ex. | 315| 382 

“CN2 |Rest | 115| 122| 

| Ex. 327| 321 | 

| Rest | 150) 153 

CN3 | Ex. 1*| 541| 603 

Ex.2 | 734| 706 

CN4 |Rest | 191] 154 

| Ex. 866| 760 
CNS _ 169, — 
} $22); — 
CN6 | Rest | 180| 134 
| 587| 599 

CN7 Rest | 151) 118 
647| 665 

CN8 Rest 147| 133 

Ex. | 583| 507 

CN9 |Rest | 201| 159 

| Ex. 660 | 584 

CN10 Rest 157| 130 
660} 685 

CNI1 | Rest | 178) — 

Ex. | 956| — 
CNI2 | Rest | 185| 167 
Ex. {1,106 |1,070 
|Rest | 117) — 

CN13 | Ex. 1*| 367) — 

tas) ee — 

7 |Rest | 156| 147 

CNI4 | Ex. 1*| 440} 410 

| Ex.2 | 772| 668 
~ TRest | 162) — 

CNIS | Ex. 1*| 454| — 

| Ex.2*| 614, — 
| Ex. 3 | 694; — 
| Rest | 167) — 

CNI6 | Ex. 1*| 348) — 

| Ex. 2*| 633| — 

| Ex. 3| 967); — 

| Rest i 176 
CNI7 Ex. 1*| 412| 386 
x. 2* 571 


\Ex. 3 | 778 








|Rest | 174 
Nis | Ex. 1*| 427 
Ex. 2*| 657 
| Ex. 3 | 895 
Rest | 170 
CNI9 | Ex. 1*| 359 
Ex. 2*| 553 
|Ex.3 | 856 
sisal 
| Rest “173 
CN20 | Ex. 1*} 402 
Ex.2*| 608 
Ex.3 | 896 
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Cardiac Heart ae Pressures mm. Hg 
output | rate 1./min./ 
1./min./ per min. sq.m. | Right Pulmonary arterial | Pul- | Brachial arterial 
sq.m. NTP atrial | mon- — 
Sys. | Dias. Mean | wedge | Sys. Dias N 
ial sisal A |Bja|BiajB|AlB/A|B/A| B| A| Bl] aA B 
1 3-98 | 4-20 | 120/120, 3-19| 3-40| 4 | 4 |30|30| 26 15|27|17|12| 7| 248 | 150 | 112 | 90 | 157 
4.08 | 623 | 134 150! 7-22| 9-50 —|—| 32) 38| 22| 30| 25| 27| 20 14| 248 | 165 | 118 | 90 | 161 
325 403| 94| 90 445) 3-49| 5 | 6/28  20| 13| 14|16| 15|12|10| 168 avo | 108 | 100 | 125 
4-72 | 5-78 | 142| 140| 9-00} 8-23|—| 4 | 50) 38|27| 27| 1 28) 18| 15 | 200 | 200 | 120 | 110 | 147 
4:06 | 4:23| 90/ 90, 3-73| 5-00| 4 | 4 | 25/23] “IS| 16/17| 16| 9| 10| 300 | 160 | 144 | 104 | 195 
6-03 | 6:72 | 168 148 | 13-14 | 13-77 | 4 | 4 | 40/ 47/ 33| 32| 31/34) 22| 23| 330 | 220 | 180 | 120 | 230 
7-30 | 7-32 | 184 162| 15-10 , 16-06 | —| —| 50| 51| 27| 34| 33| 38| 24/26] 350 | 230 | 180 | 126 | 237 
"CN4 =| Rest | 191 4-76 | 5-05| 96) 84| 2-59| 3-10| 2 | 4 | 30| 23 | 22/16|20/ 16| 7| 7| 180 | 170 | 100 | 100 | 127 
8-04 | 7-24 | 144] 160 14-28 | 10-72 | —| 5 | 27| 32) 21| 24] 21 122! | 3}19| 204 | 210 | 118 | 106 | 147 
5-15 — | ga) — 6-601 — | 4|—|24|—/16|—|18| a —| 156 | — “108 | — | 124 
7-20} — | 160) 10-55} — | 4|—|42|—] 31|—| 30|—|14|—| 210 | — | 126 | — | 154 
“CN6 5-02 | 3-34| 82| 84) 3-42, 3-05| 3 | 4 | 20|20|15| 13| 16| 14/10) 9| 228 | 150 | 106 | 90 | 147 
6-76 | 6:14 | 136| 116 11-22 | 14-96 | 7 | 6 | 40| 38| 34) 23) 32| 24] 13 | 14| 240 | 190 | 125 | 104 | 162 
“CN7_ 3-93 |2-59| 96/116) 3-68! 2-69! 4| 3 | 40| 30| 20| 20| 23| 22| 12! 9| 240 | 174 | 130 | 100 | 167 
5-55 | 5-48 | 176| 182| 15-74 15-16 | —| 5 | 76| 70| 54 50 | 56| 45 31 14| 290 | 200 | 156 | 126 | 201 
~ 3-64 | 2-79| 80! 84) 3-90| 3-73| 5 ir 25| 30 14 13/16|14|11| 6| 176 | 140 110 | 90 | 132 
5-50 | S11 | 128/114, 13-47 | 11-34 | —|—| 28| 46| 20| 27| 18| 22| 15|12| 215 | 170 | 135 | 100 | 160 
a 5-41|3-55| 84| 64| 3-95) 3-16| 3 | 2 |16/25|11| 18] 13/15 | 8) 192 | 140 | 110 | 80 | 137 
7-64 | 5-60|126 100 12-40, 8-56| 4 | 4 | 23|27| 17| 19) sie | 10| 232 164 | 120 | 74 | 157 
“CNIO- 3:56 3-05| 80 84 5-53. 4-75| 5 | 4 |21|24/ 16| 14| 16| 16| 14/ 11/ 180 | 154 | 100 | 90 | 127 
6-09 | 6-80 | 126 130 11-36 10-20| 8 | 7 | 47/46) 35| 32| 31 | 39| 26| 14| 330 | 221 | 124 | 110 | 193 
‘CNIL 4-08| — | 78|— | 3-92| — 3 /=/R =] aE hale s|—[ 160 | — | 24 | — | 109 
10-10 — |126| — | 2067, — |—|—| 7 |—| 4|— 220 | — — | 104] — | 143 
5-01| 4-60) 88 79) 3-17, 4-21| 8 | 4|27\ 26| 20/18/21 18|12| 9| 200 | “160 | 20 | 100 | 147 
9-43 | 9-01 | 174, 162 27-03 | 24:20 | —| —| 30| 32| 20| 22| 23| 24| 17| 14| 252 | 235 | 132 | 110 | 172 
a | — | mi—| 3991 — | 4|—/i—i ss 17|—|12|— 168 | — | 80] — | 109 
5-32| — | 96|—| 8-03| — | 6 |—|32|—/22|—|20|—|13|—| 184| — | 90] — | 123 
7-15 | — | 152) — |15-57| — | 8 |—|42|—| 26|—| 30|—|18|—| 248 | — | 120] — | 163 
4-28| 2-88 100/100) 3-78) 41 |3| 3 3/22 46| 15] 10] 16 10/19) ~6| 210 | 130 | 124 | 80 | 153 
6-24| $-13| 118] 126) 8:99| 7.0 | 5 | 3 26| 16| 26| 16|18| 8| 260 | 180 | 130 | 100 | 173 
| 8-02 | 7-26 | 146 | 160| 19-86 | 17-0 | 5 45 | 30 | 35| 23) 30] 20) 21| 10) 310 | 220 | 152 | 138 | 205 
4-96; — |100|— | 348, — | 2 =tatheltetcts 4|—| 16s | — | a5 | — 112 
| 7-01) — |138;—| 890) — | 2|—|22}—|11|/—/15 7|—| 205 | — | 90| — | 128 
7-67| — |156| — | 12-20] — | 4 |—|27|—|20|)—|19)— 11|— 235 | — | a = 138 
7:94| — |174| — | 14-66] — We 35 | —| 25 | —| 23] — 4|— 285 | — | 90| — | 155 
4-43| — ea} — | 3-14/ — |2|—|17|—| 9|—|10/—| 4/—| 180) — | 70) — | 107 
5-59| — |108| — | 5-77; — | 3 —|22 —|15|—|13|—| 7|—| 201 — | 7} — | 120 
| 6-87] — |130| — | 10-58; — | 4|—]28 =l8i= 19| —|13|—| 256| — | 90] — | 145 
8-81| — |168| — | 19-61| — | 4 |—|38|—| 28 24|—|16|]—| 315 | — | 100 | — | 17: 
(5-64 5-28| 70, 80! 3-75| 3-62| 3 | 2 |32|30| 23| 20 25|21 10|10| 210 | 170 | 108 | 96 | 14 
| 6-20|6-16|100| 96| 6:96| 7-54| 4 | 3 | 32 40) 23) 25 26|27|11|11| 230 | 190 | 110 | 100 | 15: 
8-56 | 7-83 | 126 | 122| 10-08 | 10-31 | 6 | 3 | 32| 45 | 24| 28| 27/ 30] 13| 12| 260 | 210 | 120 | 108 | 16 
9-98 | 8-17 150 | 150| 15-16 | 14-54| 6 | 5 | 35| 48 | 28| 32 30| 33|16|14| 320 | 270 | 130 | 112 | 19 
| 4-64) — | 96/—| 3-37) — ls |—|30l— 1s|—|17|—| 8/—| 210 | — | 120 | — | 15 
| S$87| — | 108] — | 725; — |—|—|48|— 22] —| 28|—|15|—| 200 | — | 126] — | 16 
7-07) — |134| — | 11-27| — |—|—|s8|—|32|— 36|—|22|—| 256 | — | 146| — | 18 
8-15) — | 160| — | 14:35 | — |—|—|70|—|50|—|40]—|28|—| 286 | — | 156 | — | 19 
ae ee EE EEE EE EEE ee ee =e nial ae oe) oe ee 
| 4:54) — | 86|—| 3-41) — | 5 |—|42|—| 25] —|27|—| 14] —| 220) — 120 | — | 15 
| 5-45) — | tea) — | 6:55) — — —| $5) — 30| —| 38] —| 25|—| 250 | — | 130} — | 17 
6-81| — |130] —| 11-06) — |—|—]60|—] 34] —| 40|—| 30|— ze | =| foe} = | a8 
8-32) — | 155] — | 17-61) — |—|—|64|—| 40) —|42|—| 36|—| 320} — | 140 | — | 20 
Ses nt (PRE eed (ead EB it | coupes le 
| 4:24) — | 94] — | $22) — |5|—|s5|—|s8i—|s9i—| si—| 13 | — | ie] — | 23 
5-16] — |116| —| 748| — |—|—|34|—|23]—1|23|—|14]/—| 215] — | 120] — | 15 
| 6-27 — |135| — }11-07) — |—]—}37|—|25|—|27|—| 17|—| 235 | — | 130] — | 16 
| 7-75} — | 168) — 18-70| — |—|—| 50] —| 30| —| 30) —| 20|—| 250 | — | 138 | — | 17: 
| | | bai | | 

















* Studies at intermediate levels of exercise not used in diagrams or statistical analyses. 
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te catheter immediately before exercise and withdrawing the tip to the main stem of the pulmonary artery 
a: the commencement of the last minute of exercise, when pulmonary arterial pressures were recorded and 
riixed venous blood was withdrawn. The percentage oxygen saturation of the blood samples was estimated 
ty a modification of the Gatman spectrophotometric technique (Wade ef al., 1953) and expired gas analysis 
vy as performed by the Scholander micro-method and required to check to 0-03 per cent. The blood oxygen 
c \pacity at rest and during exercise was measured by the Van Slyke manometric and standard photometric 
t chniques. 

Throughout the results the term “‘systemic arterial blood pressure”’ is used to describe the upper body 
a ‘terial pressure as determined by the intravascular brachial arterial pressure recordings. The ‘‘mean”’ 
t -achial arterial pressure was calculated as the sum of the diastolic pressure and one-third of the pulse 
[ ‘essure. 

The pulmonary arteriolar resistance and the total systemic peripheral resistance were calculated accord- 
i g to the methods used by Dexter et a/. (1951). In patients in whom right atrial pressures were not recorded 
Curing exercise it has been assumed, for the purposes of calculating right ventricular work, that there was 
1 ) rise during exercise. The pulmonary wedge pressure has been taken into account in all calculations of 
t .e left ventricular work. 

The results are presented and analysed in the following form; the observations at rest, before and after 
c peration are followed by those during exercise, also before and after operation. To simplify the statistical 
ead diagrammatic presentation, only the data obtained during the maximum exercising period was used, 
<ithough the data obtained at lesser levels of exercise is given for each patient in Table II. Control values 
inder similar conditions were provided by studies on 16 normal subjects (Donald et al., 1955), 10 patients 
\ith normal cardiovascular systems (Donald et al., 1957) and 13 patients with uncomplicated essential 
| ypertension (Taylor et al., 1957) previously reported from this laboratory. The important inter-relation- 
ships of a number of the hemodynamic observations are presented in the discussion. 


RESULTS 


In order to clarify the presentation of these results, the mean values of the observations at rest 
and during exercise together with the standard error of the mean and standard deviation of obser- 
vations are detailed in Tables III and IV respectively. Statistical details are only given in the 
text in relation to the more important findings. Description of significant or non-significant 
differences from normal data or between pre- and post-operative findings are based on orthodox 
statistical methods (Fisher, 1945). 


OBSERVATIONS AT REST BEFORE AND AFTER OPERATION 
Oxygen Uptake, Arterial Blood Oxygen Saturation, and A-V Difference 

The mean oxygen uptake at rest of the 20 untreated patients with coarctation was significantly 
raised (P<0-001) when compared with that of normal subjects studied under similar conditions 
(Donald et al., 1955). The mean resting oxygen uptake of the 12 patients in whom the coarctation 
was resected was 163+7 ml./min./sq.m. (S.D.=24) before and 145+5 ml./min./sq.m. (S.D.=18) 
after operation, a statistically significant reduction (0:05 >P>0-02). 

The resting systemic arterial blood oxygen saturation was normal both before and after opera- 
tion. The resting arterio-venous oxygen content difference (A-V difference) was normal in all 
untreated patients and not significantly altered by operation. 


Cardiac Output, Heart Rate, Stroke Volume, and Ventilation 


The mean resting cardiac index of the 20 untreated patients was 4-40+0-15 1./min./sq.m- 
(S.D.=0-68). The mean resting cardiac index, as determined by the “‘ Fick and catheter’’ method, 
of 111 normal subjects and patients with normal cardiovascular systems collected from the litera- 
ture (Cournand ef al., 1945; Stead et al., 1945; Hamilton et al., 1948; Werk6 et al., 1949; Ebert 
et al., 1949; and Thomasson, 1957), including 21 from this laboratory (Donald et al., 1953; Donald 
et al., 1957), is 3-49+0-06 1./min./sq.m. (S.D.=0-67). The elevation of the mean resting cardiac 
output in the 20 untreated patients with coarctation of the aorta is highly significant (P<0-001). 
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TABLE Ill 
STATISTICAL DETAILS OF OBSERVATIONS AT REST 










Coarctation of aorta 





| 








































































































































1957) 


Mean resting values and standard error of mean with standard deviation (parenthesis) of observations in patien 
with coarctation of the aorta before and after operation compared with those for normal subjects (Donald er a. , 
1955) and patients with essential hypertension (Taylor et al., 1957) previously reported from this laboratory. 

* This value was calculated from observations on 111 normal subjects collected from various papers (see text) 
the cardiac output determinations in the 16 normal subjects reported by Donald et al. (1955) were before exerci > 
and moderately raised due to excitement. 
+ This value is calculated from observations on 10 patients with normal cardiovascular systems (Donald et a 
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Normal | | 12 patients before Essentia 
subjects | 20 untreated | and after operation hypertensi: 
| patients | — 
| | Before | After 
Oxygen uptake ml./min./sq.m. 139+3 | 164+5 | 163+7 | 145+5 | 146+5 
(12) | (22) (24) =| (is) | 1) 
A-V difference, vol. per cent. . — | 3-71+0-09 | 3:-69+0:12 | 3-94+40-20 | 3-98+40-1: 
| (0-40) (0-42) (0-69) (0-59) 
Cardiac output, |./min./sq.m. | 3-4940-06*| 4-4040-15 | 4-4040-22 | 3:8040-26 | 3:72+0:1! 
(0-67) (0-68) | (0-78) (0-90) (0-66) 
Heart rate, beats/min. 8143 | 8943 90+4 90+5 8343 
(10) | (11) | (13) (16) (10) 
Stroke volume, ml./sq.m. 5543 50+2 | 50+4 4444 4542 
(12) (11) (14) (14) (8) 
Ventilation, 1./min./sq.m. at 3-02+0-10 | 3-86+0-21 | 3-7640-21 | 3-69+40-20 | 3-49+40-20 
| (0-38) (0-95) (0-73) (0-70) (0-73) 
Pulmonary wedge pressure (mean), mm. Hg 11+0-9+ 10+0-7 11406 | 9405 | 1141-4 
(3) (3) | (2) | (2) (5) 
Pulmonary arterial pressure (mean), mm. Hg 18+0°5 1841-1 | 1941-2 16409 | 20+1°9 
(2) (5) | (4) | (3) (7) 
Pulmonary vascular resistance, dynes sec. | s | 
on.->.. ee me fa a sis 105+6 88411 | 97+17 102+17 110+20 
(24) (48) (59) (58) | (71) 
Right ventricular work, Kg.m./min./sq.m... | 0-7540-05 | 0-87+0-08 | 0:9440-10 | 0-7040-05 | 0°:73+0-12 
(0-21) (0-36) (0-37) | (0-18) (0-43) 
| Systolic 12144 19848 | 211411 15644 | 20548 
(15) (36) | (38) (14) (28) 
S| | 7142 10744 11444 | 9342 | 12547 
| | 10) (18) (13) (8) | 4) 
| Mean | 8843 138+5 | 146+6 | 11443 15147 
| | (10) (22) (20) | (10) (24) 
Systemic arterial resistance, dynes sec. cm.~5 876+42 1567+107 17514151 | 15464123 1911+122 
(168) (480) (524) (427) (440) 
Left ventricular work, Kg.m./min./sq.m. 5-1140-27 | 8-09+0-41 | 8-54+40-54 | 5-8240-48 | 7-:05+0-4: 
| (1-08) (1-83) (1-88) | (1-68) (1-63) 
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STATISTICAL DETAILS OF OBSERVATIONS DURING EXERCISE 
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Normalt 17 | 12 patients before Essential 
subjects patients | and after operation hypertension 
untreated 
| | Before | After 
0 ‘gen uptake, ml./min./sq.m. 656+82 732446 673463 | 644456 695 +40 
(294) (204) (218) | (195) (144) 
A / difference, vol. per cent .. 8-5340-60 | 9-8640-32 | 9-7440-43 | 9-5940-51 | 9-9740-36 
(2°15) | (1-43) (1-49) | (1-77) (1-29) 
C: diac output, 1./min./sq.m. 7:°3740-43 | 7:3840°35 | 6:84+0-49 | 6:68+40-34  7:08+0-28 
(1-53) | (1-56) (1-68) (1-17) (1-02) 
Hi art rate, beats/min. 12248 | 15144 14746 | 14447 13844 
(27) (19) (20) (24) (14) 
St oke volume, ml./sq.m. 6142 4943 4743 | 4742 5142 
| (8) (11) (11) | (8) (7) 
Vcatilation, 1./min./sq.m. d |11-8041-65 | 15-1941-02 | 14-3241-50 | 13: *3741-32 |16-634+1-78 
} (5-95) | (57) | = (5-20) (4-58) (6-42) 
Pt Imonary wedge pressure (mean), mm. Hg | 1443* 18+2 1842 14+1 | 2346 
(7) (8) (7) (4) (12) 
Pulmonary arterial pressure (mean), mm. Hg | 27+3 29+2 | 2943 | 2742 3443 
&% (il) =| 10) | (8) (10) 
Pu —" vascular resistance, — sec. | | 
cm.-5, ae a as : .. | 105+10 75412 | 89418 | 101419 92427 
| (36) (54) | (63) | (65) (97) 
Right ventricular work, Kg.m./min./sq.m. 2°18+0-45 | 2°4240°-24 | 2:27140-26 | 2:14+0-24 | 2:63+0-20 
| (1-62) | (1-05) (0-91) (0-83) (0-73) 
= Systolic | 165+8 | 266+10 266+15 206+9 246+ 13 
| (26) | (47) (52) | (32) (47) 
eS | te | 8744 | 12945 13446 | 10945 | 14648 
| (14) (21) | (19) (17) (27) 
Mean 107+4 175+6 178+8 | 14146 180+9 
| (14) (25) | (28) (20) (32) 
Systemic arterial resistance, dynes sec. cm.~5 650445 1225+95 | 1406+146 1057+63 | 1200+68 
(31) (423) | (506) (219) (246) 
Left ventricular work, Kg.m./min./sq.m. 10-29+1-14 | 16-6640-94 | 15-9341-46 | 12-4341-03 | 15-3241-12 
(3-78) (4-21) | (5-05) (3:57) | (4-03) 











Mean values during exercise and standard error of mean with standard deviation (parenthesis) of observations in 
patients with coarctation of the aorta before and after operation compared with those for normal subjects (Donald 
et al., 1955) and patients with essential hypertension (Taylor et al., 1957) previously reported from this laboratory. 

* This value is calculated from observations on 7 patients with normal cardiovascular systems (Donald et al., 1957). 

+ These values were calculated from observations on 13 of 16 normal subjects who were exercising at similar levels 


of oxygen uptake (Donald et al., 1955). 
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In 6 of these 20, the resting cardiac output was more than two standard deviations (>4-83 1./mi 1,/ 
sq.m.) greater than the “normal’’ mean (Fig. 1). The mean cardiac output at rest before ope a- 
tion of the 12 patients in whom the coarctation was resected was identical with that of the wh le 
untreated group. After resection of the coarctation there was a small but statistically insign fi- 
cant reduction of resting mean cardiac output from 4-40 before to 3-80 1./min./sq.m. after operatic n. 

When studied individually, the cardiac output was reduced after operation in six, remair 2d 
unchanged in five, and increased in one (Fig. 1). In the six patients in whom a reduction of card ac 
output was observed, it was considerable, being from a mean value of 4-31 before to 3-03 1./mi 1./ 
sq.m. after operation. It is unlikely that the greater excitement or emotional upset were responsi ‘le 
for the raised cardiac output observed during the initial investigation as both the mean heart r: te 
and mean ventilatory volumes were normal and not significantly different on either occasion. 

The mean resting heart rate of the whole group of 20 untreated patients was 89 beats a minu e. 
The mean heart rate of the 12 patients in whom the coarctation was resected was nearly identi: al 
and was unchanged after operation. 


OBSERVATIONS AT REST BEFORE AND AFTER OPERATION 
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Fic. 1.—The cardiac and stroke indices, systemic vascular resistance, and work of the left ventricle at 
rest in 20 patients before and in 12 patients after operation also. 


The mean stroke volume of the whole untreated group was 50 ml./sq.m. The mean p’e- 
operative stroke volume of the 12 patients who underwent operation was almost identical aid 
there was a small but non-significant reduction after operation (Fig. 1). 

The resting ventilation of all the untreated patients were normal (mean 3-86 1./min./sq.1.). 
The resting ventilatory volumes of those undergoing operation were normal and almost identi: al 
with these values both before and after operation. 


Vascular Pressures, Resistances, and Ventricular Work 


The resting mean pulmonary wedge pressure was normal in the whole of the untreated gro 'p 
(mean, 10 mm. Hg, range 4-15) and was essentially unchanged after operation (Fig. 2). 
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FiG. 2.—Vascular pressures at rest before and after operation. The mean brachial arterial, 
pulmonary wedge, and pulmonary arterial pressure at rest in 20 patients before and in 
12 after operation also. 


The mean pulmonary arterial pressure at rest before operation was normal in all but three 
instances (Fig. 2). The upper limit of normal resting pulmonary arterial pressure in this laboratory 
is 23 mm. Hg. The 12 patients in whom the coarctation was resected included the two (CN17 and 
CN19) with mild pulmonary hypertension (27 and 25 mm. Hg respectively). In these two the 
pressures reverted to high normal values (18 and 21 mm. Hg respectively) after operation. The 
remaining patients showed a small but statistically insignificant reduction of the resting pulmonary 
arterial pressure after operation. 

The pulmonary vascular resistance at rest was normal in all untreated patients (mean 88 dynes 
sec.cm-5). In the 12 undergoing operation it was likewise normal and unchanged by operation. 

The work of the right ventricle against pressure at rest was within normal limits in all the untreated 
patients. In the 12 in whom the coarctation was resected, the mean right ventricular work was 
reduced from 0-94 before to 0-70 Kg.m./min./sq.m. after operation. Although this difference of 
the mean values is not statistically significant, the right ventricular work was reduced in all but one 
of the 12 patients following operation and in four it was reduced by more than 30 per cent of the 
pre-operative value. This fall was due to a slight reduction of both pulmonary arterial pressure 
and blood flow. 

The brachial arterial blood pressure at rest before and after operation is shown related to age in 
Fig. 3, together with the regression line and 95 per cent confidence limits for normal subjects 
established by Hamilton ef al. (1954). 

All untreated patients had an abnormal elevation of the brachial systolic pressure which was 
accompanied by diastolic hypertension in all but four. Before operation, at rest, the mean systolic 
pressure of the whole group was 198+8 mm. Hg (S.D.=36), the mean diastolic pressure was 
107+4 mm. (S.D.=18) and the mean mean arterial pressure was 138+5 mm. (S.D.=22). The 
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corresponding pre-operative values for the 12 patients in whom the coarctation was later resec ed om.-5 
were 211+11 mm. (S.D.=38), 114+4 mm. (S.D.=13), and 146+6 mm. Hg (S.D.=20), val ies of 19 
not significantly different from those of the group as a whole. et ull, 
Following operation in these 12, the mean systolic pressure at rest was 156+4 mm. ig TI 
(S.D.=14), the mean diastolic pressure was 93+2 mm. (S.D.=8), and the mean of the mean arte ial tio iV 
pressure was 114+3 mm. (S.D.=10). These reductions in the mean systolic, diastolic, and mx an fre n 
arterial pressures at rest of 55 mm. (range 0-140), 21 mm. (range 0-44), and 32 mm. (range 2-3) wail 
be! or 
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Fic. 3.—The resting brachial arterial systolic and diastolic pressures related to age, in 20 after 
patients before and in 12 after operation also. The mean values, together with two TI 
standard deviations, of a sample of the normal population of the same age range are 
also given (Hamilton et al., 1954). treate 
regres 
respectively, are all highly significant (P<0-001). Ten of the 12 studied showed an apprecia le een 
fall in both systolic and diastolic brachial arterial pressures after operation and in six of these ‘en apa 
the resting systemic arterial pressures had returned to “‘normal”’ levels (Fig. 2 and 3). bows 
The tendency of the blood pressure to fall after operation did not appear to be related to a ze. ay : 
The two patients in whom no reduction was achieved by operation were 16 and 34 years respectiv ly 
and the greatest single reduction was observed in a patient 32 years of age. The degree of reduction 
of the brachial arterial pressure after operation was approximately directly proportional to ‘ts 
initial height. These findings are in agreement with those of Counihan (1956). T 
The mean systemic vascular resistance at rest of the 20 patients before operation was 1567 dy: es Fig, « 
sec. cm.~-5. This is significantly greater (P<0-001) than the corresponding value of 876 dynes s:c. § Four 
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cm.~5 in normal subjects (Donald et al., 1955) but significantly less (0-05 >P>0-02) than the value 
of 1911 dynes sec. cm.~> reported in patients with uncomplicated essential hypertension (Taylor 
et al., 1957). 

The mean systemic resistance at rest before operation in the 12 patients in whom the coarcta- 
tio 1 was later resected was 1751+151 dynes sec. cm.~5 (S.D.=524), a value not significantly different 
frc n the group as a whole. After operation the mean resting systemic resistance of these patients 
wa 1546+123 dynes sec. cm.~5 (S.D.=427), a value less but not significantly different from that 
be! re operation. In two (CNI1 and CN3) the resting systemic resistance after operation was 
rec iced in each by 38 per cent of the pre-operative value (Fig. 1). In six there were much smaller 
po t-operative reductions, in three there were small increases, and in one the systemic resistance 
wa unchanged. 

The mean work of the left ventricle against pressure at rest in the 20 untreated patients was 
8) Kg.m./min./sq.m. This is significantly greater than the mean value of 5-11 Kg.m./min./sq.m. 
ret orted in normal subjects (P<0-001). The mean resting work of the left ventricle against pressure 
in he 12 patients in whom the coarctation was later resected was 8-54 Kg.m./min./sq.m. before 
an 5-82 Kg.m./min./sq.m. after operation. This reduction in the mean left ventricular work after 
op ration is highly significant (0-01>P>0-001). The individual values before and after operation 
of he 12 in whom the coarctation was resected are shown in Fig. 1. One (CN4) showed no change 
ani another (CN2) a slight increase in the resting left ventricular work. In the remaining ten the 
po t-operative reduction in left ventricular work was considerable; in four the reduction was greater 
th: n 50 per cent of the pre-operative value and in the remaining six it was greater than 20 per cent. 
It .s of interest that, as the systemic vascular resistance of many of the operated cases did not fall 
greatly (see Fig. 1 and 11), the considerable reduction of left ventricular work must be mainly 
attributed to the reduction in resting cardiac output. 


OBSERVATIONS DURING EXERCISE BEFORE AND AFTER OPERATION 


Oxygen Uptake, Arterial Blood Oxygen Saturation, and A-V Difference 


The oxygen uptake during supine leg exercise in the group of 20 untreated patients ranged from 
315 to 1106 ml./min./sq.m. with a mean value of 732 ml./min./sq.m. (Table IV). In the 12 who 
underwent operation the range and mean value of exercising oxygen uptakes were of the same order 
both before and after operation. The differences in the oxygen uptake during exercise before and 
after operation in individual patients ranged from 6 to 106 ml./min./sq.m. with a mean difference 
of 50 ml./min./sq.m. and a mean percentage difference of 9 per cent of the pre-operative value. 

The arterial blood oxygen saturation during exercise was normal in all patients, both before and 
after operation. 

The exercising A-V difference is related to the oxygen uptake in Fig. 4. The values of all un- 
treated patients are shown together with those found in 12 before and after operation. The 
regression line and 95 per cent confidence limits of the values found in normal subjects during 
exercise are also given. Four of the untreated patients had abnormally high exercising A-V 
differences. All these four underwent operation: the exercising A-V difference returned to normal 
in two but was unchanged in the other two. The mean exercising A-V difference in the untreated 
group and in the patients undergoing resection either before or after operation, were not significantly 
different. 


Cardiac Output, Heart Rate, Stroke Volume, and Ventilation 


The cardiac output on exercise of all patients studied before and after operation is shown in 
Fig. 4 together with the regression line and 95 per cent confidence limits found in normal subjects. 
Four (CN1, CN7, CN8, and CN10) showed an exercising cardiac output just below the normal 
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BEFORE OPERATION 
(ALL PATIENTS) 


those patients in whom it was initially normal. 


exercising response in two (CN1, and CN10). 
cardiac output was still slightly subnormal 11 and 18 months after operation. 
pressures of all these four patients returned to normal after operation. 
during exercise of the untreated group and of those undergoing resection, either before or a ter 
operation, were not significantly different. 


TAYLOR AND DONALD 


95 per cent confidence limits and in all four the exercising pulmonary wedge pressure was ra. ed 
(20, 31, 26, and 15 mm. Hg respectively). 

After aortic reconstruction the cardiac output response to exercise was largely unchange in 
In the four in whom the exercising cardiac out) uts 
response was previously slightly subnormal, operation was associated with a return to a nor nal 
In the other two (CN7 and CN8) the exerci ing 
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Fic. 4.—The A-V differences and cardiac indices during exercise related to oxygen 
uptake in 20 patients before and in 12 after operation also. The regression line 
and 95 per cent confidence limits for normal subjects of the same age range are 


also given (Donald et al., 1955). 


The heart rate during exercise was largely unchanged after operation although 3 of th: 12 
patients showed a decrease of more than 20 beats a minute at the same level of exercise (Fig 5). 
The mean values of heart rate during exercise at similar levels of oxygen uptake before and : ‘ter 
operation were not, however, significantly different. 

The exercising stroke volume was exceedingly variable in the untreated group and in the pati nts 
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undergoing resection, both before and after operation (Fig. 5). Operation was not associated with 
an’ change in the mean exercising stroke index. 

The pulmonary ventilation on exercise is related to the oxygen uptake in Fig. 6. In the untreated 
grcup all but four patients had a normal ventilatory response to exercise: these four with hyper- 
yer tilation (CN2, CN7, CN12, and CN14) all had raised pulmonary wedge pressures on exercise 
(1 31, 17, and 21 mm. Hg respectively). However, seven others who had raised exercising pul- 
mc 1ary wedge pressures had a normal ventilatory response. (As in mitral stenosis the exercising 
vei tilation does not appear to be a function of the exercising wedge pressure). 

In those who underwent operation there was no significant overall change in ventilatory 
res :onse to exercise, despite much reduction of exercising wedge pressures in many instances. The 
vei tilatory response to exercise after operation of the four in whom it was increased before opera- 
tio : was reduced to normal limits in two (CN2 and CN7) but was still slightly raised in the other 
tw. 

HEART RATE AND STROKE VOLUME DURING EXERCISE 
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Fic. 5.—The [heart rates and stroke indices during exercise related to 
oxygen uptake in 20 patients before and in 12 patients after operation as well. 


Vascular Pressures, Resistances, and Ventricular Work 


The mean pulmonary wedge pressure during exercise is related to the oxygen uptake in Fig. 7. 
In this laboratory the highest wedge pressure found in normal subjects of the same age group at 
any level of exercise is 15 mm. Hg (mean). The exercising wedge pressure was abnormally raised 
in 13 of the 20 untreated patients, four of whom also had a slightly reduced cardiac output response 
toexercise. In nine, therefore, the only objective sign of left ventricular insufficiency was the raised 
pulmonary wedge pressure during exercise. Eight with raised exercising wedge pressures were 
te-studied after operation and there was a return to normal levels of exercising wedge pressure at 
K 
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similar degrees of exertion in seven instances. In the remaining one (CN3), although the m:an 
exercising arterial blood pressure fell from 237 to 161 mm. Hg the wedge pressure remained <t a 
high level (26 mm. Hg). 

The mean pulmonary arterial pressure during exercise in the untreated patients and in tl se 
after operation are related to oxygen uptake in Fig. 7. The highest pulmonary arterial pres: ire 
encountered in exercising healthy subjects of the same age group is 32 mm. Hg. Before operat on 
three (CN7, CN18, and CN19) had pulmonary hypertension on exercise. All three had nor «al 
wedge pressures at rest but showed a marked rise of wedge pressures during exercise (to 31, 28, « nd 
36 mm. Hg respectively). 
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Fic. 6.—The ventilation during exercise related:-to oxygen uptake in 20 patients before and in 12 after operation also. 
The regression line and 95 per cent confidence limits for normal subjects are also given (Donald et al., 1955). 


It is of interest that in two patients with high normal pre-operative pulmonary arterial pressures, 
the pressure was slightly higher after operation despite a fall in wedge pressure (CN1, CN3, CN8, 
and CN17). It is possible that the reduction of the left atrial pressure, as judged by the wedge 
pressure, reduced the degree of distension of the pulmonary vascular tree and increased the vasc ilar 
resistance slightly. 

The pulmonary vascular resistance during exercise of the untreated patients was not significa itly 
different from that of normal subjects at similar levels of exertion. In the 12 who underwent op:ra- 
tion the mean pulmonary vascular resistance was normal before and increased slightly, but not 
significantly, after operation. 

The systemic brachial arterial blood pressure at rest and during exercise in all 20 patients, be ore 
operation, is illustrated in Fig. 8. The most notable feature is the large resting pulse pressur in 
the upper part of the body which is greatly increased during exercise in the majority. Exertio . at 
any but very moderate levels frequently produced a large rise in diastolic pressure and an « ven 
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vater rise in systolic pressure. 


At a mean exercising oxygen uptake of 732+46 ml./min./sq.m. 
(S D.=204) the mean systolic pressure of the whole group was 266+10 mm. (S.D.=47), the mean 


stolic pressure was 129+5 mm. (S.D.=21) and the mean exercising mean arterial pressure 
; 175+6 mm. Hg (S.D.=25). 

The corresponding pre-operative exercising values for the 12 in whom the coarctation was later 
scted were 266415 (S.D.=52), 13446 (S.D.=19), and 17848 mm. (S.D.=28) at a mean 
rcising oxygen uptake of 673+63 ml./min./sq.m. (S.D.=218). These pressures and the oxygen 
ake are not significantly different from those of the untreated group as a whole. Following 
ration in these 12, 2t a mean exercising oxygen uptake of 644+56 ml./min./sq.m. (S.D.=195), 
mean systolic pressure was 206+9 mm. (S.D.=32), the mean diastolic pressure was 109+5 mm. 
).=17), and the mean of the mean arterial pressure was 14146 mm. Hg (S.D.=20). 
‘se reductions at approximately the same levels of exercise in the mean systolic, diastolic, and 
in brachial arterial pressures after operation of 60 (range 0-120), 23 (range 10-54), and 37 mm. 
(range 6—76) are all highly significant (0-°01>P>0-001). The individual response of the brachial 
‘rial pressure during exercise compared with the resting level before and after operation is shown 
.9. In 10 of the 12 in whom the coarctation was resected, there was an appreciable reduction in 
resting systolic and diastolic pressures after operation with a narrowing of the pulse pressure 
the majority. After operation the response of the brachial arterial pressure to exercise is 
dified in that the absolute pressures are considerably reduced, although still abnormal in the 
jority of instances. 


PULMONARY PRESSURES DURING EXERCISE 
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Fic. 7.—The mean pulmonary wedge and pulmonary arterial pressures during exercise 
related to oxygen uptake in 20 patients before and in 12 after operation also. The 
upper limit of normal exercising pressures observed in this laboratory are also given. 
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BLOOD PRESSURE AT REST AND DURING EXERCISE 
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Fic. 8.—The brachial arterial pressures at rest and during exercise in 20 untreated patients 
with coarctation of the aorta. The resting and exercising pressures of each patient are 
placed at the corresponding exercising oxygen uptake. 


The mean systemic arterial resistance during exercise of the 20 untreated patients was 
1225+95 dynes sec. cm.~5 (S.D.=423). In the 12 in whom the coarctation was later resected the 
mean exercising systemic resistance was 1406+146 dynes sec. cm.~5 (S.D.=506), before and 
1057+63 dynes sec. cm.~5 (S.D.=219) after operation (0-°05>P>0-02). However, the mean 
exercising systemic arterial resistance of the 12 after operation is still significantly greater (P<0-001) 
than the value of 650+45 dynes sec. cm.~5 (S.D.=151) for normal subjects exercising at sim/lar 
levels of oxygen uptake. Of the 12 patients studied before and after operation at similar levels of 
oxygen uptake, one (CN1) showed a post-operative reduction in exercising systemic arterial res’st- 
ance of 56 per cent of the pre-operative value and a further four (CN3, CN7, CN9, and CN!0) 
showed post-operative reductions greater than 25 per cent. In the remainder the changes in he 
exercising systemic arterial resistance after operation were less. 

The work of the left ventricle against pressure during exercise in the 12 patients before and a ter 
operation is related to oxygen uptake, together with the values obtained for normal subject: at 
similar levels of oxygen uptake in Fig. 10. Before operation the left ventricular work dur ng 
exercise was increased in all. After resection of the coarctation the left ventricular work at sim lar 
levels of oxygen uptake was considerably reduced in all but two (CN1 and CN2). In four pati: 1ts 
the post-operative left ventricular work returned to normal limits and in a further four was ¢ ily 
moderately raised. The mean left ventricular work during exercise of the 20 untreated pati: its 
was 16°66+0-94 (S.D.=4-21) compared to the value of 10:29+1-14 Kg.m./min. sq.m. (S.D. =3> '8) 
for normal subjects exercising at similar levels of oxygen uptake (P<0-001). 
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BLOOD PRESSURE AT REST AND DURING EXERCISE 
BEFORE AND AFTER OPERATION 





CNI | CN2] CN3 | CN4] CN6] CN7] CN8]CN9 | CNIO} CNI2] CNI4 | CNI7 
35O- 


300} 


250} 





200F 











BRACHIAL ARTERIAL PRESSURE - MM.HG. 































































































315|3821327/32! silat 7|599 1647 |665|583/5O71667 |58 ma IK 772660823)7 
° 


OXYGEN UPTAKE DURING EXERCISE 
ML./MIN./SQ.M. 
Fic. 9.—The brachial arterial pressures at rest and during exercise before and after operation 


compared in 12 patients. The figures at the base of each column are the exercising 
oxygen uptakes. 





The corresponding mean work of the left ventricle during exercise in the 12 in whom the coarcta- 
tion was later resected was 15-93+1-46 (S.D.=5-06) before, and 12-434+1-03 Kg.m./min./sq.m. 
(S.D.=3-57) after operation (0-05>P>0-02). 


DISCUSSION 


The finding of a high resting cardiac output in patients with uncomplicated coarctation of the 
aorta is of great interest. Calculations of the systemic vascular resistance (S.V.R.) of the upper part 
of the body indicate that although the raised cardiac output is not the only cause of the arterial 
hypertension, it certainly contributes to it'in a number of instances. Six of the 20 patients studied 
had abnormally high resting cardiac outputs, four of these having a normal S.V.R. and two only a 
slightly raised S.V.R. In contrast to this, the three patients with the most severe hypertension 
had a normal resting cardiac output and an extremely high S.V.R. In the remaining 11 the cardiac 
output was raised (as compared with mean normal figures) as well as the S.V.R., both factors con- 
tributing to the rise of blood pressure in the upper part of the body (see Fig. 11.) 

As the major arterial system is abnormal the systemic vascular resistance, as calculated from the 
brachial arterial pressure and cardiac output, cannot be employed to assess the degree of general 
arteriolar tone. The upper body vasculature is, as it were, in parallel with that of the lower part 
which has the added resistance of the coarctation and collaterals (termed “‘collateral resistance”’ 
hereafter) intervening between it and the upper aorta. If there were no circulatory adaptations in 
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this disease the lower part of the body would receive an unduly small fraction of the cardiac outr st. 
Theoretically the lower body flow could be maintained at normal levels by three mechanisms. 

First, the cardiac output could be raised so that the small fraction of the cardiac output pass ng 
to the lower body would equal the normal lower body blood flow. This would, however, re: ult 
in an abnormally high blood flow to the upper body which has not been found in previous stuc ies 
(Lewis, 1933; Pickering, 1935; Wakim et al., 1948; Patterson et al., 1957). Secondly, the lov er 
body vascular resistance could be decreased in proportion to the degree of intervening collate ral 
resistance. Patterson ef al. (1957) have shown, however, that the resting vascular resistanc« is 
normal in the leg and raised in the arm, with a normal blood flow in each limb. The third mech in- 
ism, which appears to be that mainly invoked in this disease, would be an increase of upper b« dy 
vascular resistance proportional to the collateral resistance. This is in accordance with the findiiigs 
of Patterson et al. (1957). The demonstration of a raised resting cardiac output in some cases 
indicates that the first mechanism, suggested on theoretical grounds, may also be present to sone 
degree in a number of these patients, particularly those with only a moderate increase of upper 
body arterial pressure. 
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normal subjects exercising at similar levels of oxygen 
uptake are also given (Donald et al., 1955; Donald 
et al., 1957). 


The reduction in the resting brachial arterial blood pressure after operation is essentially sim lat 
to that reported by Counihan (1956). In the present study there was a large fall of the resting bl« od 
pressure after operation in all but two patients, the systolic and diastolic blood pressures of ab put 
half the group falling within the limits described by Hamilton et al. (1954) in their study of bk od 
pressures in a hospital clinic population. In most instances, however, the figures might still be 
considered abnormally high, particularly in patients of this age group. 

Fig. 11 shows the relative contribution of cardiac output and upper body S.V.R. to the rest ng 
brachial arterial blood pressure before and after operation. Previously it has been assumed t iat 
the fall in blood pressure after operation was due solely to a reduction of the systemic vasci ar 
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resistance but this is not, in fact, entirely true. Ten of the 12 patients who were studied before 
an 1 after operation had large or moderate reductions in the resting mean brachial arterial pressure 
after operation. In three, two of whom had very severe upper body hypertension, the fall in the 
resting brachial arterial pressure was due entirely to a reduction in the upper body S.V.R. with little 
ch nge in cardiac output: in seven, the post-operative fall was due nearly exclusively to a reduction 
in cardiac output, the upper body S.V.R. remaining unchanged or even slightly increased. In the 
tw ) patients in whom the resting brachial arterial pressure was unchanged, the post-operative reduc- 
tic 1 in the §.V.R. was countered in each case by an increase in cardiac output. 

Although the establishment of a common aorta should render the compensatory vaso-constric- 
tio 1 in the upper body no longer necessary, it is of interest that some degree of arterial hypertension 
ofi:n remains. If it is due to partial irreversibility of upper body vaso-constriction, functional or 
m< rphological, then the lower body vasculature must necessarily increase its resistance after opera- 
tic 1 if a normal distribution of blood to the upper and lower body is to be maintained. This inter- 
est ng aspect is being pursued, as the mechanisms whereby normal or even increased regional blood 
flo v is maintained both before and after operation should contain important clues concerning the 
co itrol of the regional circulation. 

The response of the brachial arterial pressure to exercise in this disease is worthy of comment, 
pa ticularly as this measurement can be easily made by the clinician without any special facilities. 
Tle rise of diastolic blood pressure is not great, although it is greater than in normal subjects, 
pa ‘ticularly at higher levels of exertion. The most striking features are the enormous systolic and 
puise pressures during exercise. The large pulse pressures of these patients both at rest and on 
ex-rcise would appear to be due to the increased aortic diastolic pressure and decreased aortic wall 
compliance at such increased levels of pressure. The same phenomenon is found in essential 
hypertension and may be further increased by aortic wall degeneration in either disease. In coarcta- 
tion of the aorta the reduced size of the immediate aortic reservoir must also contribute to the high 
pulse pressure. 

In these studies systolic pressures of up to 350 mm. Hg were recorded from the brachial artery 
during moderate exercise. Six out of the 20 patients investigated had exercising systolic pressures 
above 300 mm. and 14 had pressures over 240 mm. The mean brachial arterial blood pressure 
during exercise was also greatly raised during this relatively moderate exercise. Patients CN13 
and CN16 had resting mean brachial arterial blood pressures of only 109 and 107 mm. respectively 
at rest and many would consider that operating on such cases was not justifiable. However, on 
moderate exercise (772 and 967 ml./min./sq.m. oxygen uptake) the brachial arterial mean pressures 
were 163 and 172 mm. with systolic pressures of 248 and 315 mm. Hg respectively. In view of 
the fact that all these patients were living normal lives and exercising every day, their aortic walls 
would be repeatedly exposed to these very high and damaging peak systolic pressures. It would 
appear likely therefore that many of these patients with upper body arterial pressures that are only 
moderately raised at rest, who are, for the time being, in no danger of left ventricular failure, are 
suffering considerable damage to their aorte and large arteries during exercise. This may well 
account for the striking degenerative changes found at operation in the aortic walls of patients in 
whom operation is delayed until left ventricular insufficiency becomes a clinical feature. It may 
also explain the frequent development of aortic valve regurgitation due to aortic dilatation. 

Table V gives the mean systolic, diastolic, and mean brachial arterial pressures at rest and during 
exercise in the untreated patients with coarctation and in a group of 13 patients with severe essential 
hypertension studied previously (Taylor et al., 1957). None of these patients with essential hyper- 
tension were in clinical heart failure, but all had hypertension of such a degree that they were 
considered to require urgent anti-hypertensive therapy. It will be seen that the mean value of 
exercising systolic pressure was higher in the fit young patients with coarctation than in these patients 
with severe essential hypertension. Only one of the 13 with essential hypertension had a peak 
exercising systolic pressure over 300 mm. compared with 6 of 20 young patients with coarctation in 
whom the systolic pressure was greater than 300 mm. Hg. The patients with essential hypertension 
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TABLE V 


MEAN BRACHIAL ARTERIAL PRESSURES AT REST AND DURING EXERCISE IN COARCTATION OF THE AORTA 
AND ESSENTIAL HYPERTENSION 














Coarctation of aorta Essential hypertension 
(20 patients) (13 patients) 
¥ Systolic | Diastolic | Mean oJ , Systolic Ay, Diastolic € "Mean 
Ret - .. ag 198+8 107+4 138+5 205+8 12547 15147 ¥ 
(36) (18) (22) (28) (24) (24) 
Exercise .. | 266410 12945 175+6 246413 14648 18049 
(47) (21) (25) (47) (27) (32) 





had, however, considerably higher diastolic and mean resting arterial pressures. The frequent 
development of cardiac or other serious complications usually does not allow these patients with 
severe essential hypertension, if untreated, to continue normal active lives for long periods com- 
parable to those that can be expected in the case of many young patients with coarctation of the 
aorta. In addition, due to their age and frequent cardiac disability, it is unusual for such patients 
to take such strenuous exercise as fit young patients with coarctation. These facts allied to a 
normal aortic capacity in patients with essential hypertension may explain the less frequent develop- 
ment of aortic regurgitation in such patients. 

The effect of aortic reconstruction on the exercising blood pressure was studied in 12 patients. 
Their pre-operative exercising blood pressures were very similar to those of the whole group of un- 
treated patients. Operation caused a large reduction of exercising systolic, diastolic, and mean 
arterial blood pressure with a parallel fall of left ventricular work, allowance being made for the 
raised left ventricular diastolic filling pressure before operation in a number of cases. Although the 
mean reduction of peak systolic pressure is large in the whole group (60 mm. Hg) it is even more 
striking in those with very high levels before operation. Four patients with peak systolic pressures 
above 300 mm. had a mean reduction from 328 to 235 (93) mm. and eight patients with exercising 
systolic pressures above 240 mm. had a mean fall from 292 to 216 (76) mm. Hg. Thus, not only is 
left ventricular work considerably less, but the stress on the aorta is also greatly reduced. The 
latter consideration has not been given the attention it deserves. 

The most striking finding in this investigation was the objective evidence of left ventricular 
insufficiency during exercise in 13 out of 20 patients, all of whom denied any significant shortness 
of breath on exertion. The evidence for this in all 13 was a raised wedge pressure during exercise, 
which is considered to be due to a raised left ventricular diastolic filling pressure under these con- 
ditions. This appears to precede reduction of the left ventricular output, as only 4 of the 13 had 
impaired cardiz.c output response to exercise and this impairment was always very small. 

Another important finding was the close correlation of left ventricular behaviour and the Icvel 
of the upper body mean brachial arterial pressure during exercise (Fig. 12). Of 14 patients with 
exercising mean brachial pressures above 160 mm., 13 had raised exercising wedge pressures : nd 
four of these had in addition slightly impaired exercising cardiac output responses. Of 6 patic nts 
with mean exercising blood pressures below 160 mm., all but one had normal exercising we lge 
pressures and all had normal exercising cardiac outputs. In seven (CN13, CN14, CN16, CN 17, 
CN18, CN19, and CN20) the exercising wedge pressure became abnormal when the mean brac ‘ial 
artery pressure rose above 160 mm although it was normal at lighter levels of exercise, when he 
pressure was below 160 mm. (see Table Il). Of the patients studied before and after operatio , 9 
of the 12 had objective evidence of left ventricular insufficiency during exercise before operat: »n, 
in the form of a raised wedge pressure. After operation 8 of these 9 had normal wedge pressi es 
and cardiac outputs on exercise: in the ninth (CN3) the raised pre-operative exercising we ge 
pressure persisted after operation in spite of a large reduction in brachial arterial pressure; howe /er 
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the exercising mean arterial pressure was still appreciably raised (161 mm.) even after operation. 
Tke mean fall in exercising mean arterial pressure in these eight patients who showed a return to 
normal left ventricular behaviour was 34 mm. (range 7-50). Nine of the 12 patients studied had 
exc rcising brachial blood pressures greater than 160 mm. before operation and all but three fell below 
this level after operation. The mean exercising pressures after operation of these three patients 
wee 161, 165, and 165 mm. Hg. It is of interest that a number of parents have reported a striking 
increase of exercise tolerance in their children after reconstruction of the aorta, although no short- 
ne s of breath or disability had been noticed before operation (d’Abreu and Parsons, 1956). 
It .s probable that such patients have undergone hemodynamic improvement similar to those 
de cribed in this study. 


MEAN BRACHIAL ARTERIAL PRESSURE DURING EXERCISE 
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Fic. 12.—The relationship of the mean brachial arterial pressure to the pulmonary wedge pressure during 
exercise in 20 patients before, and in 12 of these patients after operation also. 


These findings suggest that those clinicians who are in doubt as to the wisdom of operation in 
young persons with only slightly raised resting brachial arterial pressures would be wise to study 
their patients during exercise. The exercising brachial arterial pressures can easily be determined 
without special facilities. The data presented would indicate that if a mean exercising pressure of 
more than about 160 mm. Hg is found, then left ventricular insufficiency, which can be remedied 
by aortic reconstruction, is almost certainly present. Further the finding of a very high systolic 
pressure on exercise may further weigh the clinical opinion in favour of operation before aortic 
damage renders the operation unduly hazardous. 

I 
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TAYLOR AND DONALD 


SUMMARY 


Measurements of the cardiac output and intravascular pressures have been made at rest ¢ nd 
during exercise, before and after operation, in patients with uncomplicated coarctation of the ao ta. 

Before operation the resting cardiac output was significantly increased as compared with nor1 1al 
subjects: the cardiac output response to exercise was normal. Although the pulmonary we: ge 
pressure at rest was normal in all patients before operation, it became abnormally raised in 12 of 
the 20 during exercise. The large brachial arterial pulse pressure observed in all of them at 1 :st 
before operation became greatly increased during exercise and in many exceeded 300 mm. Hg 

After operation the resting cardiac output was normal in all patients and the cardiac out; ut 
response to exercise was likewise within normal limits. The resting wedge pressures were norn al, 
but in contrast to the pre-operative observations, the exercising wedge pressures also remaii ed 
within normal limits. The resting brachial arterial pressure was reduced in all but 2 of 12 patie ats 
after operation. The abnormal increase in pulse pressure during exercise still persisted. 

There was a large reduction in left ventricular work both at rest and during exercise after opera- 
tion. Certain hemodynamic inter-relationships are outlined, and the significance of these findings 
is discussed in relation to the indications for aortic reconstruction, particularly in fit young persons 
without much hypertension at rest. 


The authors gratefully acknowledge the co-operation readily given by Dr. O. Brenner, Prof. A. L. d’Abreu, and 
Mr. L. Collis whose patients were studied and the technical help of Mr. A. Pincock and Mr. R. Mills. 

This work was carried out during the tenure of a Medical Research Council Fellowship in Clinical Research by 
one of the authors (S.H.T.). We are also indebted to grants from the Endowment Research Fund of the United 
Birmingham Hospitals. 
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Rheography records the changes of electrical conductivity of the human body caused by the 
blood flow and is practically applicable to any part of the body. This study has been undertaken 
to show the clinical value of this new method. The striking changes of the rheographical curve 
in various clinical conditions are described. 

Efforts have been made for some time to register fluctuations in blood flow by means of aiter- 
nating current conductivity measurements (Holzer et a/., 1945). By using an electronic amplifying 
apparatus it has been possible to increase the sensitivity of this method, named by us Rheography, 
to an adequate degree. The difficulty lies in the fact that fluctuations in blood flow, as they occur 
with the rhythm of the pulse wave, cause in general an alteration in conductivity of only about 
one per cent. Thus, the method only became routinely practicable when it became possible to 
record a rheogram of sufficient amplification and yet free from interference. It was found to be 
expedient to use large or small electrodes, according to the choice of the zone to be examined, and 
this requires conformity between the measuring apparatus and the size of the electrode. In this 
paper the practicability of this method in cardiovascular diagnosis as a result of advances i in the 
physics of the problem will be demonstrated. 

This method is applicable to every region of the body, yields strictly reproducible curves, is 
capable of standardization and calibration, and is practically independent of the pressure of the 
electrode. It causes the patient no discomfort that could play a disturbing role in the appraisal 
of blood flow disturbances. 


TECHNIQUE 


As a measuring device, the familiar Wheatstone bridge is adapted to the special requirements of 
rheography. In Fig. 1 the measuring device is shown. The vascular section of the patient is connected 
to one arm of the Wheatstone bridge. The patient must be considered electrically as a combination of 
resistance and capacitive reactance (Schaefer, 1940). The arm of the Wheatstone bridge (between points 
A and B) is therefore equipped with a variable resistor and a variable capacitive reactance. It is in this way 
possible to reconstruct the patient electrically. By variation of this arm of the bridge the patient’s capac tive 
reactance and resistance can be measured. In particular the value of the resistance gives a guide tc the 
volume of blood flow of the vascular section examined, when a peripheral rheogram is being recorded. In 
a further arm of the Wheatstone bridge lies a resistor that can be short-circuited by the aid of a bal’ nce 
key, the purpose of the which is to produce a certain defined imbalance. This is done for the follo: /ing 
reason. At two points facing each other on the bridge voltage is fed in, and led off at two other pc nts. 
The voltage led off is to be modulated by the fluctuations in resistance in the patient’s circuit. In ord«r to 
resolve such a modulation linearly a carrier voltage must be present that must be sufficiently | .rge 
with respect to the modulation. 

Calibration. A further important attachment for the calibration of the rheogram is the calibration ey. 
In series with the patient lies a resistance, which through connection with further resistors can be decre sed 
with the help of a key, whereby a control wave occurs in the curve. The height of the rheogram can hus 
be expressed in fractions of ohms. It was found to be expedient to make this calibration height vari. sle, 
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Fic. 1.—Rheograph. (For explanation, see text). 


since the height of the rheogram is exposed to large variations depending on the zone to be measured and 
the condition of the blood vessels. In general a height of 0-192 is recommended, in certain cases 0°52. 
In special cases a control wave as large as 122 or as small as 0-052 may be desirable. 


Balance of the Wheatstone Bridge. Because of its freedom from inertia, a magic eye, such as is used 
for supervising modulation in wireless, is recommended for checking bridge balance. In bridge balance, 
when the bridge yields only a small voltage or practically no voltage, the magic eye shows no deflection, 
and the unlit part is at its largest. After balancing of the bridge is accomplished the balance key is released. 
The bridge will thus be brought into imbalance and yields a voltage that is modulated by conductivity 
fluctuations in the patient. The voltage will be increased and rectified by an amplifier and then led to an 
electrocardiograph for graphic registration of the curve. Since fluctuations in conductivity are pro- 
portional to blood fiow fluctuations, the rheogram can be used for recording such fluctuations. 


Placing of Electrodes. The alternating current used for purposes of measurement is applied to the 
patient’s body with the aid of two electrodes. By choice of the position of these electrodes one can deter- 
mine the zone to be examined. One is thereby independent of specified lead-off points, as, for instance, 
must be sought in the determination of pulse curves. For appraisal of peripheral blood flow ring-shaped 
electrodes are recommended. In a sectional examination we speak of a longitudinal rheogram, whereas 
a lead-off on two corresponding points lying at the same level transversely through the extremity is designated 
by Kaindl (1954) a transverse rheogram. 
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Beside these peripheral leads it is possible, by appropriate placing of the electrode, to register ir ra- 
thoracic blood volume fluctuations, liver volume fluctuations, etc., which will be discussed below. 

Tin-plated lead, which can be made to conform easily to the form of the body, is recommended for the 
electrodes. The electrodes are surrounded by a good absorbent material and painted with electrode p ste 
or soap solution. 


THE PERIPHERAL RHEOGRAM 


For examination of the extremities the peripheral rheogram in the longitudinal lead arrai ge- 
ment is recommended. For this one lays two ring-shaped electrodes proximal and distal to the 
vascular section to be examined. For the purpose of an over-all diagnosis one can transcril > a 
rheogram over the entire extremity; it is equally possible, also, to examine sectionally, upper am, 
lower arm, hand, and finger, or partial sections therefrom. A record of analogous section: of 
the leg is equally possible. In the evaluation of these curves it is noticed that the rheogram of both 
the upper arm and upper leg is relatively small, of the order of 0-052, that the rheogram of the 
lower leg and similarly the lower arm is larger (approximately 0-12), while the rheogram of the 
finger and similarly the toe is from 0-22 to 0-42 (Fig. 2). The cause of this lies in the fact that 
in more peripheral vascular sections the shunt through the tissues of a non-pulsating nature is 
relatively smaller. 

The peripheral rheogram has a characteristically steep ascent, which occurs with the arrival of 
the pulse wave in the particular zone examined by the electrode. The descent of the curve is 
correspondingly slower; in normal cases elastic after-waves are generally seen. In analysing the 
peripheral rheogram, attention should be given, not only to the amplitude of the curve and the 
resistance, but also to deformations in the curve which give information about the elasticity of the 
vessel walls. A sluggish ascent with a broad curved peak, with low amplitude and a gradual down- 
slope, is seen primarily in the arteriosclerotic type of curve. ~ 

Fig. 3, for instance, shows the peripheral rheogram of the right (upper curve) and of the left 
lower leg (lower curve) of a 62-year-old patient with severe arteriosclerosis. The blood flow in 
the right leg was worse than in the left. Accordingly the rheogram of the left lower leg displays 
an essentially steeper ascent, the curve peak is sharper and there are small elastic after-waves. 
Because of the more obstructed blood flow in the right leg the rheogram shows a more sluggish 
ascent, reaching its maximum later. The peak of the curve is broad and there is a sluggish down- 
slope too and elastic after-waves are absent. The amplitude measured by means of the calibration 
(0-122) is 0-122, smaller on the right leg than on the healthier left leg, where it is 0-172. Where 
vessel wall tone is decreased, we find an abnormally high curve, which shows little differentiation 
into parts, and the widened rounded peak is reached with delay in this type. Where vessel wall 
tone is increased, we see a relatively steep ascent of the curve, the peak is reached earlier, and the 
curve is decreased in amplitude. The curve shows a narrow peak, which is followed by several 
after-waves. The analysis of the rheographic curve, according to its form and amplitude, thus 
amplifies vascular diagnosis, and with it a more exact supervision of vascular therapy may be 
possible. 

THE SKULL RHEOGRAM 


By placing the electrodes at the glabella and the retromastoid region an insight into the elasti-ity 
relationships of the skull is obtained. The method can be used to supervise therapeutic measu ‘es. 
In particular, the success or failure of response to stellate ganglion block is reflected in the rheog: am 
(Polzer and Schuhfried, 1950). 


THE RHEOCARDIOGRAM 


Holzer e¢ al. in 1945, applying leads to the right arm and left leg, called the procec ire 
rheocardiography. By this arrangement the conductivity fluctuations in the thorax as well a in 
the periphery are registered. In order to try and differentiate the two, Polzer and Schuhfried (1‘ 49) 
attempted to register the filling fluctuations of the thorax alone by placing the electrodes on he 
apex of the heart and the right shoulder. They call this method the thoracic rheocardiogram ( cg) 
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Fic. 2.—Electrocardiogram (lead II) and peripheral rheogram of a 30-year-old subject (calibration 0-052): 
(a) of the upper arm; (5) of the lower arm; and (c) of the finger. 
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Fic. 3.—Electrocardiogram (lead II), and peripheral rheogram 
of the right and left leg of a 62-year-old male patient with 
arteriosclerosis (calibration 0-122). 
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Fic. 5.—Lead II, thoracic rheo-cardio- 
gram (upper curve) and rheogram of 
the right upper arm (lower curve) 
and phonocardiogram of a 67-year- 
old woman with tricuspid regurgita- 

tion. 


Fic. 4.—Electrocardiogram (lead II), thoracic rheo- 
cardiogram and phonocardiogram of a 26-year- 
old subject. 
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and contrast it with the peripheral rheogram (rg) which is obtained by placing two electrodes on 
an extremity. The thoracic rheocardiogram (Fig. 4) normally shows a slight hump during at ial 
systole. During the isometric phase, the beginning of which coincides with the Q wave of he 
electrocardiogram, at the time of displacement of the valvular plane of the heart, there occ irs 
a drop in the curve corresponding to sucking in of blood into the heart from the great veins. At 
the beginning of the ejection period, that is with the opening of the semilunar valves, a steep asc :nt 
appears, which breaks off sharply from the rest. The steep ascent corresponds to the ra id 
filling of the arteries near the heart. In the further course of this phase of systole there occ irs 
a preponderance of outflow of blood into the periphery over the further expulsion of bk od 
from the heart. Accordingly the curve sinks after the first third of the ejection period somew iat 
more sluggishly. The second heart sound indicates the end of systole. With the valves all clos 2d, 
the congestion of blood awaiting entry into the ventricles produces rheocardiographically a i ew 
ascent of the curve. The continuing diastolic ascent of the curve falls in the rapid filing phase 
of the ventricles and is explicable by increasing filling of the vene cave in this period. This 
phenomenon may be attributed to increased pressure on vein walls as a result of increased circula- 
tion rate. The results of the electrokymographic investigations of Salans et al. (1950) are in agree- 
ment with the results of our investigations. 

In conformity with their arrangement we call the first wave the arterial or systolic wave, the 
second rheographic wave the venous or diastolic wave. In the normal rheocardiogram the height 
of the zenith of the venous wave coincides roughly with that of the arterial wave. 

The thoracic rheocardiogram, besides affording an exact measurement of the phases of the 
cardiac cycle on the basis of characteristic changes in the form of the curve, also gives an appraisal 
of disturbed hemodynamics when there is regurgitation. 

Holzer et al. (1945) emphasized that they had obtained an abnormally high venous wave in 
all cases of tricuspid regurgitation. Later a secondary venous wave was determined also in the 
purely peripheral rheogram record. Further investigations demonstrate that this diastolic sec- 
ondary wave is detectable not only in tricuspid regurgitation, but also in extreme venous conges- 
tion in right heart failure, without tricuspid regurgitation: Grabner et al. (1955) also emphasize 
this. 

The synchronous registration of the jugular pulse curve with the rheogram, and in particular 
the peripheral rheogram (Fig. 9), seems to endorse the view of Bloomfield et a/. (1946) and Lagerléf 
and Werké (1948), who assumed that ventricular filling in tricuspid regurgitation to be predomi- 
nantly protodiastolic, whereas they recorded extensive repression of the venous inflow in later 
diastole. Accordingly in the late diastole, as a result of this repression of the venous return, there 
is successive congestion of the systemic veins: this is characterized in the peripheral rheogram by 
the appearance of the secondary venous.wave. The abnormally high diastolic wave in the rheo- 
cardiogram would, on this assumption, be explained similarly, because it seems chiefly de‘er- 
mined by the flow of venous return. The simultaneous registration of the thoracic rheocardiogram 
and the peripheral rheogram, as for example on the right upper arm (Fig. 5) yields a delay of ‘he 
venous secondary wave in the periphery of approximately 100 msec. This delay in the second iry 
wave shows that this cannot be determined by the regurgitation of blood in systole, but must rat 1er 
be interpreted as a venous congestion wave. If it were the result of regurgitation, it would oc :ur 
synchronously with the “cv” wave of the jugular pulse. This, however, occurs always in ‘he 
systole. Further, since by applying pressure greater than the venous pressure to a point proxi 1al 
to the rheograph lead, it is possible to make the secondary wave disappear, the venous origi of 
the wave seems to be well established. 


THE HEPATORHEOGRAM 


Heeger and Polzer (1956) endeavoured to achieve a rheographic registration of liver pulsatic as. 
For this purpose two small electrodes (2 x 2:5 cm.) were attached at a distance of 6-8 cm. frome ch 
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Fic. 6.—Lead II and hepatorheogram of a nor- 
mal subject. 
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Fic. 8.—Lead II and normal rheo- 
gram of the jugular veins (31-year- 
old subject). 
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Fic. 10.—Lead II, normal heart proximal rheo- 
cardiogram and phonocardiogram of a 21- 
year-old man. 
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Fic. 7.—Lead II and hepatorheogram of a 54- : 
year-old woman with tricuspid regurgita- 
tion. 
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Fic. 9.—Lead II, rheogram of the jugular veins 
(upper curve), rheogram of the right upper 
arm (lower curve) and phonocardiogram of a 
62-year-old woman with tricuspid regurgita- 
tion. 
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Fic. 11.—Lead II, heart proximal rheocardiogram 
and phonocardiogram of a 32-year-old woman 
with pure mitral stenosis. 
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other parallel to the costal arch over the liver. While the hepatorheogram (hrg) in the normal c: se 
(Fig. 6) shows merely a slight systolic arterial rise of the base line, and the curve in diast le 
runs nearly on the zero line, in the presence of tricuspid regurgitation (Fig. 7), besides the sm ill 
arterial rise, a strikingly high diastolic wave is formed. We therefore assume in the presence of 
tricuspid regurgitation a diastolic increase in liver volume and deny systolic regurgitation of blo od 
as far back as the liver. These diastolic filling fluctuations of the liver, which will be interpre: :d 
in the sense of pulsating congestion, are ultimately determined by the primarily protodiastc ic 
ventricular filling found in tricuspid regurgitation. For, because of the small filling capacity of 
the right ventricle which is already filled with residual blood, the blood flow to the heart will >e 
obstructed, which leads to a diastolic increase in volume of the congested liver. Proof of such 
a diastolic increase in liver volume with tricuspid regurgitation is at variance with the assumpti n 
made up to the present that the expansile pulsation of the liver is systolic in time. The liver pu se 
registered by a pulse recorder according to the method of Boucke-Brecht is quite comparable to 
the jugular pulse and is therefore interpreted as the expression of systolic blood regurgitaticn. 
Actually the liver pulse shows when compared with the hepatorheogram an exactly opposite course. 
On the other hand, the so-called liver pulse curve in tricuspid regurgitation is like a mirror image of 
the registrable chest wall pulsations over the left lateral thoracic wall. We have therefore attributed 
the so-called liver pulse to the clearly demonstrable rocking movements of the thorax in tricuspid 
incompetence. The liver pulse is thus according to our view determined by mechanical impulses 
imparted by the heart, and should not be regarded as a sign of regurgitation of blood into the liver, 
whereas the hepatorheogram reflects the volume fluctuations. 


VARIX PULSATIONS 


On the basis of these examinations of the liver we assumed that the familiar varix pulsation 
in this valvular deficiency were also diastolic in time. The phenomenon of pulsating varices is 
interpreted by numerous authors as systolic and attributed to regurgitation through the incompetent 
tricuspid valve, although Joachim (1910), through graphic registrations of such varix pulsations, 
had already determined that the varix pulsations occurred 0-04 sec. before the arterial pulse. 

By registration of a transverse rheogram aimed at the level of a pulsating varix node it is possible 
to determine a venous wave, which comes into view just before the arterial rise. We have 
attributed this venous wave to the secondary wave of the peripheral rheogram. The slow progress 
of this congestive wave explains the fact that it is recorded just before the arterial displacement of 
the following systole. In the presence of distinct varices, the marked state of venous congestion 
accompanying tricuspid regurgitation will become, under certain conditions, even visible and 
palpable in diastole. The diastolic origin of such varix pulsations makes it understandable that, 
even without the presence of tricuspid regurgitation, in extreme right heart failure, varices may 
pulsate sometimes. This is illustrated by a case described by Hallock and Clarke (1941), in which 
distinct pulsations of varices above the knee were observed for years but at autopsy only mitral 
valve disease, with extreme right heart failure, but without tricuspid regurgitation, was found. 


RHEOGRAM OF THE JUGULAR VEINS 


The jugular veins are a further field of application for rheography. By placing the instrume it 
upon the right and left jugular veins the measuring current flows through both these veins as wi ll 
as the vena anonyma which connects them. If the lead-off points are chosen as far as possible fro n 
the carotid arteries, the rheogram of the jugular veins thus elicited shows a close agreement wi h 
the venous pulse registered in the conventional way. Corresponding to the normal jugular ve 
pulse, the rheogram of a 32-year-old subject (Fig. 8) shows a presystolic, a systolic, and a diasto 
wave as well as a distinct systolic and diastolic collapse. In the presence of tricuspid regurgitatic 
one finds in the rheogram of the jugular veins (Fig. 9), as well as in the jugular pulse, a broad systo! 
plateau corresponding to the insufficiency wave and a depressed diastolic curve drop. In tho 
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cases especially, where for anatomical reasons the registration of the jugular pulse seems difficult, 
a ~heographic display of volume fluctuations of the neck veins is indicated. 


THE HEART-PROXIMAL RHEOCARDIOGRAM IN MITRAL STENOSIS 


Recently one of us (Heeger, 1957) attempted to register the pathological fluctuations in heart 
vclume in mitral stenosis by means of a heart-proximal rheocardiogram. For this purpose a small 
el ctrode (1-0 x 1-5 cm.) was attached over the cardiac apex and a second electrode of the same size 
at the insertion point of the fourth rib at the left sternal border. The rheographic curve thus 
ol tained (Fig. 10) reflects the changing volume of blood in atria and ventricles and is similar to 
a curve of the electrokymogram of the individual heart compartments. It is characterized by a 
di tinct decrease in systolic conductivity as a result of the systolic drop in ventricular volume. 
Tie ascent of the curve beginning in diastole is determined by the increase in conductivity in the 
at ia when filled during ventricular systole. After opening of the atrio-ventricular valves there 
oc >urs a slow drop in the curve as a result of the decrease in atrial volume. By virtue of the increase 
of ventricular volume there occurs later in diastole an ascent of the curve. The contraction of the 
at ia is expressed in a curve drop of changeable intensity, according to the drop in atrial volume. 

In contradiction to this, in the presence of mitral stenosis the heart-proximal rheocardiogram 
is characterized by a change in the course of the diastolic curve (Fig. 11). After the systolic drop 
of the rheographic curve there occurs at the time of the second heart sound a steep ascent of the 
curve, which is interrupted, synchronously with the mitral opening snap, by a distinct break in the 
cirve. Subsequently it shows a further conductivity increase in the course of diastole. 'We assume 
now that this diastolic ascent of the heart-proximal rheocardiogram curve is determined by particu- 
lar hemodynamic changes in mitral stenosis. The curve break at the time of the mitral opening 
snap could be caused by displacement of the stenotic mitral valve funnel toward the left ventricle, 
wiich would be precipitated by the pressure gradient between the left atrium and the left ventricle. 
The further diastolic ascent of the rheographic curve could be attributed to the obstruction to 
outflow by the stenotic mitral valve and the associated congestion in the pulmonary veins. Accord- 
ing to the degree of stenosis of the mitral valve, the heart-proximal rheocardiogram shows certain 
changes in the curve break and the course of the diastolic curve. 


SUMMARY 


By registering the fluctuations of electrical conductivity, it is possible to record fluctuations in 
flow in the blood vessels of any chosen area by appropriate placing of the electrodes. Placing 
the electrodes on the thorax (rheocardiogram) reflects hemodynamics on the basis of intrathoracic 
conductivity fluctuations. In particular, venous congestion in right heart failure yields character- 
istic curves which may help in differential diagnosis. 

By placing the electrodes on an extremity (rheogram) the changes in form and amplitude of 
the inscribed curves indicate blood flow, give information about the elasticity of the vessel walls, 
and help in the supervision of vascular therapy. 

Further, strict reproducibility, the possibility of standardization and calibration of the curves, 
as well as independence from circumscribed points for placing of the electrode are emphasized as 
advantages of this method. 
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CASE REPORT 


GUMMATOUS MYOCARDITIS 
BY 
W. LEACH 
From the Department of Venereal Diseases, St. Thomas’ Hospital 

Gumma of the heart was first reported in 1845 by Ricord. The process may be diffuse or localized, 
d occurs in both congenital and acquired syphilis. Diffuse gummatous myocarditis is rare, and 
mmers (1916) could find records of only 4 cases of this type in 4880 autopsies over a period of 
years at Bellevue Hospital, New York. Sohval (1935) found records of only 7 cases of diffuse 
mmatous myocarditis without localized gummata reported between 1845 and 1935. It would 
pear that the most frequent site for gumma of the heart is in the myocardium of the left ventricle 
d particularly at the base of the interventricular septum, where it interferes with the conduction 
‘stem. 

Reifenstein (1936) reported a case of acute gummatous myocarditis simulating myocardial 
infarction, and this patient also developed a cutaneous rash seven weeks prior to death: two 
similar cases were quoted from the records of the Massachusetts General Hospital. Cassio et al. 
(1937) reported a case of ventricular tachycardia caused by a sclero-gummatous lesion of the 
ventricular septum which had produced a septal infarct. A further case of gumma of the ventricular 
septum, this time associated with ventricular fibrillation as well as tachycardia, was reported by 
Coehlo and d’Oliveira (1939). 

Von Haam and Ogden (1938) published three cases, one of isolated gummatous pericarditis, a 
second of multiple localized gummata of the myocardium, and a third of diffuse myocarditis and 
endocarditis. A further three cases were reported by Spain and Johannsen (1942) in all of which 
electrocardiographic changes had been recorded during life. In the first, the gumma impinged on 
both tricuspid and pulmonary valves, producing functional impairment; in the second, there was 
a gumma of the posterior leaf of the mitral valve producing stenosis; and in the third, there was 
massive gummatous involvement of the right ventricular myocardium and also gummatous pul- 
monary arteritis. 

O’Daley (1943) in a series of autopsies found that localized gumma of the myocardium was 
three times as common as diffuse gummatous myocarditis. More recently Massias (1947) reported 
a case of a myocardial gumma involving the left ventricle and Mullins e¢ a/. (1948) reported a gumma 
of the aortic ring and left ventricle. The latest reports were from India, where Kothare (1949) 
found three cases of gumma of the heart. 


2e em NP 


Case Report 

The patient, a salesman at Smithfield Meat Market, aged 58, first attended in April, 1957. He had been 
married 35 years. He complained of a sore on his penis, present for the past week, and also a slight urethral 
discharge. His most recent sex contact was with a prostitute ten days previous to his attendance. He 
gave a history of treated gonorrhoea in 1919 while in the Army, and in 1953 he had attended the hospital 
with an eczematous dermatitis of a right finger. 

On examination there were two small indurated ulcers adjacent on the underside of the prepuce and in 
the coronal sulcus on the dorsal aspect of the penis. In addition, there was a shallow abrasion on the 
right side of the scrotum with surrounding erythema, thought to be due to the liberal use of dettol. He had 
bilateral superficial inguinal adenopathy. The urethra was dry at the time. General examination showed 
leukoplakia of the tongue and buccal mucosa. No abnormal signs were detected in the cardiovascular 
system or central nervous system. 

Dark ground examination of scrapings from the penile lesions were negative for the Treponema pallidum 
on three successive occasions. The W.R. was positive and the Price precipitation reaction (P.P.R.) positive 
149 








Fic. 1.—View of right ventricle opened anteriorly alongside the interventricular septum, 

showing partially organized mural thrombus on the posterior wall extending onto the 

septum (A). The necrotic tissue in the endocardium, infiltrating subendocardial 

muscle, is shown on the cut anterior surface at (B) and (C) on either side of the~base 

of the anterior papillary muscle. 
at a dilution of 1 in 256 and later 1 in 512. He was found also to have a trichomonal urethritis. A biopsy 
of the penile lesion failed to help in the clinical diagnosis. A lumbar puncture revealed normal cerebro- 
spinal fluid. 


A preliminary diagnosis of gumma of the penis was made and bismuth treatment was started. After his 
third injection, the penile lesion was noticed to be getting smaller. Towards the end of his course of 10 
bismuth injections he began to develop a petechial rash on his legs and shoulders, felt generally unwell, and 
had a raised temperature, and within a week the rash had developed into a generalized dermatitis. A blood 
test showed a positive P.P.R. up to dilution 1/128 and he was then given a 10-day course of penicillin. In 
the middle of this course he complained of a substernal ache but a full examination of his respiratory and 
cardiovascular systems revealed no abnormality. A week after finishing his penicillin course, he hac a 
bad flare-up of his dermatitis and was admitted to hospital. Chest X-ray, as before, showed no evidence of 
a lung lesion and the heart size was within normal limits. A week later his skin was no better and there 
were signs of early cardiac failure. He was transferred to another hospital three weeks later and was noi:d 
to have severe generalized exfoliative and exudative dermatitis, cardiac failure, and a temperature of 10°. 
A chest X-ray showed for the first time enlargement of the heart but no evidence of a pericardial effusi:-n. 
He deteriorated during the night and at 4 a.m. died suddenly while being lifted in bed. It subsequently ca 1 
to light that an electrocardiogram made elsewhere four months before his death had been normal. 


A coroner’s post mortem revealed congested and cedematous lungs, with pus and mucus in 1 1¢ 
bronchial tree. The pericardial sac contained about 120 ml. of a clear serous fluid. Both ventric es 
were greatly hypertrophied. The outer wall of the left ventricle contained a large, yellow sh 
necrotic area up to 1 cm. thick spreading outwards from the endocardium and extending into ' 1¢ 
wall of the right ventricle, which also contained a partially organized blood clot. The spleen v is 
enlarged to three times the normal size and showed the remains of one or two infarcts. There v is 
no significant abnormality in any other viscera. Death was thought to be due to failure of : 1e 
heart muscle precipitated by an acute staphylococcal pneumonia. 
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A CASE OF GUMMATOUS MYOCARDITIS 





Fic. 2.—View of heart showing interior of both ventricles, the left being opened on its 
sternocostal surface alongside the septum. The extent of the lesions throughout 
both right and left ventricles is shown (X, Y, and Z). The translucent layer of 
fibrous tissue (y) is shown beneath the necrotic material (Y). The interior of the left 
ventricle appears roughened in its lower part (L), due to necrotic material in the 
endocardium invading the myocardium (M). The ventricular septum has been cut 
across and shows the extension of the necrotic tissue into it at V. 


A more detailed examination of the heart showed a zone of translucent fibrous tissue immediately 
beneath the layer of necrotic material. The fibrous tissue extended deeply in between the bundles 
of the myocardium in places. Many of the chorde tendinee of both mitral and tricuspid valves 
were buried in the endocardial deposit, but otherwise they and the valves appeared normal. The 
aorta and its valves showed a moderate degree of atheroma. 

Microscopical examination showed chronic inflammation, oedema, and early fibrosis, affecting 
mainly the endocardium but in places extending deeply into the interstitial connective tissue of the 
myocardium. The muscle itself showed patches of degeneration in relation to the most intense 
areas of interstitial inflammation but was elsewhere within normal limits. The-report concluded: 
“The appearances are those of severe extensive endocardial and myocardial inflammation, so wide- 
spread that it cannot be attributed to coronary occlusion but compatible with its being a resolving 
gummatous process.” 











Discussion 
Sohval (1935) pointed out that clinical recognition of this condition is rare and this report supports 
his observation. The features of this case are mainly the occurrence of two late lesions, only one 
of which was diagnosed during life, the onset of an eczematous rash following anti-syphilitic therapy, 
and the cardiac failure which only appeared a matter of two weeks or so before death. The severity 
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of the skin disease may have somewhat obscured the final issue, but the fact remains that no cli_ ical 
signs were detected in the cardiovascular system until quite late, and X-rays and an electroca: lio- 
gram were normal four months before his death. Unfortunately, the cardiogram was not repe ted 
during his final illness. 

There was little doubt that the penile lesion was a gumma as is bourne out by the negative . ark 
ground findings, the high positive titre of the Price precipitation reaction and the therapeutic resp ‘nse 
to bismuth. This lesion together with the leukoplakia was a manifestation of syphilis in its late 
(tertiary) stage. The disease had obviously been contracted several years previously and its e: ier 
stages ignored or not noticed. There was some discussion regarding the true nature of the ca: liac 
lesion, but in the absence of any evidence of gross disease of the coronary vessels, no explan: tion 
other than that it was gummatous could account for the widespread distribution of the chroni: in- 
flammatory and necrotic tissue in both endocardium and myocardium. In addition the cli tical 
diagnosis fits in with the post-mortem diagnosis of gumma of the heart and illustrates the cont: mp- 
orary nature of the syphilitic disease processes in different parts of the body. 


Summary and Conclusion 


A case of gummatous endocarditis and myocarditis is presented, the lesion being undiagnosed 
during life. The rarity of this condition and its clinical recognition are discussed in a brief review of 
the reported cases. Death occurred suddenly during the phase of resolution following anti-syphilitic 
therapy, and was presumably due to cardiac failure, precipitated by a superimposed lung infection. 


I should like to thank Dr. C. S. Nicol and Dr. G. C. Wells for permission to publish details of this case. I am 
also indebted to Dr. Nicol for his advice in preparing the paper and to Dr. R. Daley, who kindly read the report. 
My thanks are due to Dr. I. W. Whimster and Dr. W. K. Taylor for the pathology reports and photographs, and 
to Dr. A. G. C. Cox for the electrocardiogram. 
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THE HUMAN PACEMAKER AND ITS PATHOLOGY* 
BY 


REGINALD E. B. HUDSON 


From the National Heart Hospital and the Institute of Cardiology 


Received July 24, 1959 


There is a remarkable remnant of primitive fibres persisting at the sino-auricular junction in all 
m.mmalian hearts. These fibres are in close connection with the vagus and sympathetic nerves, and 
hae a special arterial supply; in them the dominating rhythm of the heart is believed to normally arise. 

Keith and Flack, 1907. 


One summer afternoon in 1906, Martin Flack, a young medical student at the London Hospital 
Medical College, called on his friends Dr. and Mrs. Arthur Keith at their farmhouse, Mann’s Place, 
near the Kentish village at Bredgar. The acquaintance, which developed into a life-long friendship, 
st: rted when the roundsman of Mr. Flack, a butcher and grocer in nearby Borden, told the Keiths 
that Martin (Mr. Flack’s son) was going to be a doctor, and had just completed the basic examina- 
tions at Oxford. Dr. Keith, who was lecturer in anatomy at the London Hospital, lost no time in 
persuading him to continue his medical studies at the London. 

During the long vacation of 1906, Flack helped Dr. Keith to turn his study at the farmhouse 
into a laboratory. They had a vast store of human hearts, and were trapping moles, rats, mice, 
and hedgehogs, with the intention of verifying and extending Tawara’s momentous discoveries in 
connection with the atrio-ventricular node (from which the bundle of His arises). On this particular 
hot summer afternoon, Dr. Keith and his wife wanted to go for a bicycle ride so they invited young 
Flack to busy himself cutting serial sections from a paraffin block in which was embedded the heart 
of a mole. 

When they returned, they found Flack in a state of great excitement. He bade Dr. Keith look 
through the microscope at a strange structure he had found at the junction of the superior vena cava 
with the right auricle. It was muscular, but quite different from the musculature round about, 
and it reminded Keith of the body (node of Tawara) that he had seen in the MacKenzie hearts. 

With great enthusiasm, Keith and Flack set to work and found this structure at the same site in 
all the mammalian hearts at their disposal, and thus it became known as the sino-auricular (now 
sinu-atrial) node of Keith and Flack; it resembled the atrio-ventricular node of Tawara and hence 
they inferred it to be the site at which the cardiac rhythm was normally initiated (Keith, 1942 
and 1948.) In 1910, Thomas Lewis and the Oppenheimers were able to call the node of Keith and 
Flack the pacemaker of the heart. This was as a result of their brilliant work on the origin of the 
heart-beat in the dog. They found that the point of primary negativity, which is considered to be 
the site of primary activity, was located at a point on the sino-auricular junction corresponding with 
the cephalic extremity of Keith and Flack’s node. This point was marked at the animal experiments 
and subsequently examined histologically by the Oppenheimers (1912) at the Royal College of 
Surgeons—with permission of Arthur Keith, who had become Professor and Curator of the Museum. 

Even with the lapse of half a century, one is humbled and fascinated by the work and writings of 
these giants of cardiological research, exploring completely unknown fields with resources so much 

* St. Cyres Lecture, delivered on June 2, 1959, at The Royal Society of Medicine, under the auspices of The National 
Heart Hospital. 

M 153 











154 REGINALD HUDSON 


less than we have today. Some idea of the enormous interest stimulated by their classical and s || 
undisputed discoveries is found in the long review by Eyster and Meek in 1921 which lists | 5 
references to work on the conducting system of the heart. Their paper, incidentally, casts so e 
doubt (based on ablative experiments), on the importance of the sino-auricular node as the he +t 
pacemaker. As recently as 1954, Puech et al. (1954), however, published an account of the spre d 
of atrial activation in the dog’s heart: using modern unipolar and bipolar electrodes, they confirn d 
its origin from the node area. 

Apart from Eyster and Meek, the only other discordant note was struck by the Glomsets n 
1940: they made an extraordinary and misleading statement about the node, which is worth quot g 
if only to illustrate the confusion that has shrouded the pacemaker at times. They said that fron a 
morphological study of the region of the node in human, equine, porcine, bovine, and ovine heai s, 
the node of Keith and Flack was “only a segment of a sheet of muscle which covers the first part of 
the vena cava superior, and spreads to the left to form the atrial myocardium.” 

Although individual workers may be quite sure of the exact location of the node and of iis 
appearances, Taussig in 1931 illustrated the confusion in a drawing that located the node in differ¢ at 
places according to various authorities. I believe that much confusion about the node still exisis 
and, having regard for the great advances in cardiac surgery, thought it worthwhile to revive interest 
in the pacemaker, since this vital structure is of first importance to the cardiac surgeon and of great 
interest to the cardiologist. 

The study was undertaken to verify the macroscopic and microscopic anatomy of the node, and 
to try and correlate its appearances with the heart rhythm that was present in life. During the past 
four years, I have examined the sinu-atrial node histologically in 65 formalin-fixed human hearts, 
including one foetal heart. All these hearts, excepting the foetal, were abnormal in some respect. 

It can be stated at once that the pacemaker is not immune from many of those processes that 
affect the rest of the heart; nor, indeed, would one expect it to be. Its identification is sometimes 
no easy matter, particularly when it is diseased; and this accounts for the difficulty in locating the 
node every time, and having found it, in saying if it looks normal or not. On this latter point, 
scrutiny of numerous sections from different hearts in sequence leaves no doubt as tothe variations 
in appearance in normal and in diseased nodes. At the same time, it is well realized that function 
cannot always be interpreted from histological appearances of a formalin-fixed, post-mortem 
specimen. Attempts at naked-eyed demonstration of the node by painstaking dissection under a 
lens have proved unrewarding. Histological methods are, however, far superior, and contrary to 
expectation do not really require more than a few blocks for routine study. 


THE NORMAL ADULT NODE 


Fig. 1 illustrates the main features of an average normal human sinu-atrial node in the adult 
heart. If one examines the sinu-atrial junction (where the superior vena cava joins the right atrium) 
in the human heart, the atrium will be seen to climb forwards on the antero-lateral aspect of the 
vena cava to reach a summit, falling away again towards the medial side. J have found that tliis 
summit, marked X, is the landmark for the node. Sometimes it is bold, as in the photograph, it 
other times it is more blunted. It has been found easily in every heart so far examined, with on'y 
one exception that will be described later. 

To secure histological examination, vertical strips are cut starting from the mouth of the superi \r 
vena cava with the heart held with its posterior surface towards one, as in the right-hand top phot )- 
graph. These strips may be as numerous as desired; and extend backwards on each side as far 
the pericardial reflections on to the left atrium and pulmonary veins. In Fig. 1 the required area 
shown excised, stretched out, and marked into nine vertical strips. The small circular “grou: 1 
plan” will be used in subsequent illustrations since this is our routine method of identifying t' ¢ 
origin of any particular strip. 

All the tissues examined were fixed in 10 per cent formol-saline. 
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Fic. 1.—Anatomy and histology of sinu-atrial node. See text. 
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quite distinct in hematoxylin-eosin preparations, the staining that has yielded the best results 
Verhoeff-van Gieson. We have found this superior to all others for routine work. For low-poy 
photographic demonstration as in Fig. 1, which has proved exceptionally difficult, we have appli 
the silver method of Holmes to sections 20 microns thick and this enables the nervous structures 
and around the node to be examined, as well as the muscle striation. 

In the row of nine whole-section photographs, the node is seen only in the medial six. In the >, 
the node area outlined has been magnified in the bottom row of photomicrographs, D to I. 


~~ ee wm 


I—Node artery distinct. The arrow indicates a few node cells adjacent to the artery. 
H—A little nodal tissue mainly below the artery. 
G—Node now elliptical, with the artery above its centre. 
F and E—Main body of the node. 
D—The artery has now divided into branches, two of which are indicated by arrows. Stretch d 
out between the two arteries is a broken line of nodal tissue, hardly distinguishable in t:; 
picture from nearby atrial muscle. 


Oo 


The histological anatomy learned from the photographs has been transferred to the top phot 
graphs. Jn this heart, as in the majority of hearts examined (including the fetal heart), the main part 
of the node lies immediately beneath the epicardium, just below the summit X, more commonly towards 
its right side than its left. Occasionally, one finds the main part of the node more medially or 
laterally; in one heart (atrio-ventricularis communis) it was found adjacent to the right pulmonary 
veins. In any case, the atrial summit, X, provides a vital landmark and strips of tissue must always 
include it. The node usually lies immediately adjacent to the fatty epicardium, with no intervening 
atrial muscle. Occasionally, it reaches the endocardial surface also (a good example is seen in 
Fig. 12). 

Histology of the Normal Node. The average normal adult node is a crescentic vascular neuro- 
myocardial structure, quite distinctly marked off from the neighbouring tissues by being embedded 
in a variable amount of fibro-elastic tissue (Fig. 2A and B). At its largest part it is about three or 
four times the size of a pin’s head. From this part, it tapers medially and laterally to a point. 
Occasionally it tapers and then re-expands before narrowing again. Quite often, one sees not one 
artery but two or more branches, and the node may be disposed around all or some of the branches. 

The muscle is undoubtedly striated but this is often poorly marked by ordinary stains; the 
striations show well in silver preparations, however (Fig. 2D). The fibres are branching and inter- 
woven so that some appear cut transversely and others at various angles. This is especially so in 
the substance of the node. At the periphery, the fibres run more vertically and they are longer and 
straighter, often forming an incomplete border to the node. The node muscle fibres are usually a 
little smaller than those of the right atrium (Fig. 2C). J have come to regard the appearance of the 
muscular component as the most helpful guide to the probable function of the node. 

Nervous tissue is abundant in the node itself, and in the nearby epicardium there are always 
numerous parasympathetic ganglia and autonomic nerves to be found. Lewis stated that the 
nerves to the pacemaker are derived mainly from the right vagus and sympathetic, the left vagus 
and sympathetic serving the atrio-ventricular node of Tawara. It is interesting at this point to 
note that the pacemaker lies at the origin of the right horn of the sinus venosus (i.e. the superic r 
vena cava); the atrio-ventricular node of Tawara lies near the origin of the left horn of the sinis 
venosus (i.e. the coronary sinus) so that, embryologically, the two nodes are symmetrically dispose 1 
as right- and left-sided structures. Stotler and McMahon (1947) found very extensive innervatic 1 
of the node, as I have. The pioneer workers, Argaud in 1911, the Oppenheimers in 1912, ar 1 
Meiklejohn in 1914 and, more recently, Blair and Davies in 1935, have all given descriptions of t! > 
nervous elements in the node. 

The nerve bundles in the epicardium are often closely associated with muscle fibres (son > 
obviously striated) as the node is approached. Fig. 3A shows a large nerve running into the low r 
left corner of the node and occasionally one may see several large nerve bundles cut across in tl > 
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Fic. 2.—(A) A normal adult node. Verhoeff-van Gieson x12. (B) Area inside rectangle of (A). 
Node muscle paler than the wavy fibrous tissue. Scattered black elastic fibres. Node artery on top 
right. x75. (C) Right atrial myocardium to show striations. Holmes’ silver method. x 630. 
(D) Nodal muscle to show striations—same section. The fibres are more interwoven and a little 
thinner. Holmes’ silver method. x 630. 


substance of the node. Rarely, an isolated ganglion-cell can be found in the node, but there are 
no large ganglia. 

The demonstration of nerve-endings in the node is difficult. All the tissues take the silver 
impregnation to some degree and the identification of fine nerve fibres is like looking for straw in a 
haystack. However, Fig. 3B shows a number of fine fibres, carrying prominent swellings and 
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appearing to be mingled with adjacent muscle fibres. It is not possible to show in a single h zh 
power picture that these fibres seem to end on the surface of a muscle fibre, but Stotler and McMab on 
in 1947 stated that the terminal fibres are applied to the sarcolemma of every muscle fibre and t! at 
they remain epilemmal, i.e. on the surface. 

The blood-supply to the node is variable. Keith and Flack said that the arteries are deri\ 2d 
from the right and left coronary arteries to form an arterial circle. Lewis, in 1925, amplified this to 
say that the blood-supply is usually derived from the right coronary artery through a twig t! at 
passes backwards and upwards on the aortic surface of the right atrium. I have dissected out t iis 
artery several times; it often anastomoses with a similar branch derived from the left coron: ry 
artery. 

I have found that the main part of the node may contain one large artery or two or more branch :s, 
In serial blocks, one main artery may be encountered either medially or laterally, indicating that the 








Fic. 3.—(A) Large dark-staining nerve-bundle runs from bottom left to the lower corner of the node at top 
right. Verhoeff-van Gieson. X55. (B) Nerve fibrils with fusiform swellings mingled with striated node 
muscle fibres. Just right of centre is a capillary and at the right edge is a large nerve bundle. Holmes’ 
silver method. x495. (C) Node artery with three layers in places. Verhoeff-van Gieson. x35. 


main artery may enter the node either from the left or the right. Occasionally, there are multiple 
arteries throughout the length of the node. When there is more than one artery, nodal tissue may 
tend to be disposed around one of the branches only. 

From the main arteries, there is a profuse blood supply to the node, which shows an abundance 
of arterioles and capillaries. An interesting feature of the nodal arteries is the arrangement of the 
muscle of the media. These fibres are commonly arranged in distinct layers, with an inner circular 
and an outer longitudinal coat or the reverse arrangement. In Fig. 3C, three layers can be d s- 
tinguished in places. 

Veins are inconspicuous in the node and so are /ymphatics, although there are numerous lympha ‘ic 
vessels in the adjacent epicardium. The supporting tissue of the node is mainly fibrous tissue, with 
some elastic fibres and a variable amount of fatty tissue. This makes the node a fairly comp: ct 
body—trather more so, I think, than the node of Tawara. In spite of this, naked-eye demonstrati »n 
is very difficult. 

The fetal node differs somewhat from the adult node in being rather loosely knit and less clea ly 
defined. In Fig. 4A, the node is indicated as a triangular mass just under the epicardium. Te 
central artery can just be distinguished. The muscle fibres are not yet clearly striated (Fig. 41 ); 
nor has the muscle of the adjacent right atrium (Fig. 4C) assumed the adult striation. In the near vy 
epicardium young autonomic structures can be found. Duckworth (1952) stated that connect’ /e 
tissue increases rapidly and muscle striations appear in the node at birth. 





noc 
stai 
do 
the 


h zh 
abon 
| tl at 


ri\2d 
his to 

t! at 
t t iis 
ni ry 


ches, 
it the 


op 
de 
es” 


Itiple 
may 


lance 
if the 
cular 
» ds- 


ha‘ic 
with 
pi ct 
ation 


ea ly 
1% 
4} ); 
sar dY 
ct: ve 








THE HUMAN PACEMAKER AND ITS PATHOLOGY 































Fic. 4.—Feetal pacemaker. (A) General view. The node border is indicated by the arrows as roughly tri- 
angular. The node artery can just be seen in the centre of the node. Verhoeff-van Gieson. x9. 
(B) Detail of node, showing loose texture. The muscle fibres are finely granular but not yet striated. 
x 440. (C) Right atrial myocardium, same section, to show striations—not yet of adult appearance. 
x 440. (B) and (C) Holmes’ silver method. 


To complete this picture of a normal pacemaker, I want to dispel the idea that the sinu-atrial 
node is an isolated structure, with no visible connections with the rest of the heart. In Fig. 5A, 
stained with silver, extensions can be seen passing upwards towards the superior vena cava and 
downwards deep into the atrial myocardium. It is fairly common to find these extensions, and in 
them one may see muscle, sometimes distinctly striated, mingled with nerve fibres. One of these 





Fic. 5.—Node extensions. All stained with Holmes’ silver method. (A) General view of node, show- 
ing extensions passing upwards around the artery towards the superior vena cava, and down- 
wards deep into the right atrial myocardium. X11. (B) Enlarged view of the area inside 
the rectangle in (A), showing an extension ending in the right atrial myocardium. x40. 
(C) Enlarged view of the single fibre inside the rectangle of (B) near the end of the extension, 

showing muscle striations. x 265. 
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extensions into the right atrium in Fig. 5A has been enlarged in Fig. 5B, and a single fibre from t 1is 
enlarged in Fig. SC to show that it is indeed striated muscle. 

Taussig in 1931 reported that she found what she thought were Purkinje cells quite high up he 
superior vena cava. The criterion one must adopt in identifying outlying islets of node-like tissu is 
the demonstration of their direct connection with the main node. This can only be established by 
serial section, a method not feasible in the present study. Nevertheless, I have seen enough to 
convince me that the sinu-atrial node is indeed connected to the right atrium and sinus venos 1s. 


LESIONS OF THE NODE 


Sixty-five hearts were studied. All were abnormal, except the one fcetal heart. Although 
this series is fairly comprehensive, there is one important gap—namely, the heart of thyrotoxico is, 
which I have not yet had the opportunity to study—it included examples of the follow ng 
conditions: 


Chronic rheumatic heart disease Congenital anomalies— 
Calcific aortic valve stenosis Atrioventricularis communis 
Myocardial infarction Single atrium 
Cor pulmonale Atrial septal defect—ostium primum 
Bacterial endocarditis —ostium secundum 
Systemic hypertension —sinus venosus type 
Primary pulmonary hypertension Eisenmenger’s complex 
Polyarteritis nodosa Complete transposition with ventricular septal 
Aortitis defect and pulmonary stenosis 
Dissecting aneurysm Patent ductus arteriosus 
Refsum’s disease Isolated pulmonary stenosis 
Cardiopathy Tumours—primary—rhabdomyoma 
Isolated arrhythmias— —secondary—carcinoma 
Paroxysmal tachycardia 
Atrial fibrillation > 


I made a “blind study” of the nodes of these 65 hearts and tried to assess any damage present. 
Then Dr. Leslie Davies looked up the case notes, some of which were, of course, several years old, 
and supplied details of the heart rhythm in life. This information was added to my histological 
findings. The following summariszes what I found. 


14—stablished arrhythmia, usually atrial fibrillation. 
Node obviously damaged —15— (Includes 2 cases with additional surgical trauma.) 
1—normal rhythm. 
Node not found with certainty— 1— established atrial fibrillation. 


r 


1—fcetal heart (rhythm not known). 


alas we 2—tecent atrial fibrillation. 
Node within normal limits an 5—paroxysmal atrial fibrillation. 


41—normal rhythm. 

Interest has mainly centred on the hearts with obviously damaged nodes. These were found in 
chronic rheumatism, calcific aortic valve stenosis, cardiac infarction, cardiomyopathy, isolai:d 
pulmonary stenosis, and atrial septal defect (both ostium secundum and sinus venosus types). 

In all these nodes, the constant lesion was the depletion and poor staining of nodal muscle w th 
corresponding increase of fibrous, fibro-elastic, or fatty tissue. Sometimes the node was so ba: ly 
damaged that only the arteries could be identified with certainty, or perhaps only one of the strips of 
tissue would show a little surviving node. The right atrium nearly always showed muscle dam: ze 
and increase of interstitium in these cases, and it seems that the node and atrium were affec’ :d 
together. It is probable that in a damaged node, the nervous components will be involved al 0, 
since they are an integral part of node structure. The demonstration of such lesions is, howev r, 
beyond the scope of the present study. 
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Fic. 6.—Gross node damage in chronic rheumatism with atrial fibrillation. Heart from a woman of 50, showing 
mitral stenosis, aortic stenosis, tricuspid regurgitation, and a very large right atrium. (A) General view of 
node, which is hard to distinguish. Right atrial myocardium severely damaged also. Verhoeff-van 
Gieson. x9. (B) Area inside rectangle of (A). Artery at top left. Gross invasion of the node (to the 
right of the artery) by fibro-fatty tissue, with severe muscle depletion. Atrial myocardium below the node 
also severely damaged. x54. 


Four examples of gross node lesions are illustrated in Fig. 6-9. The low-power pictures that 
follow carry a ground plan indicating the origin of the section illustrated. Fig. 6 shows the heart 
of a woman of 50, with mitral and aortic valve stenosis, tricuspid regurgitation, and a very large 
right atrium: there had been established atrial fibrillation for 17 years. Fig. 6A is a general view 
of the node, which is hard to distinguish, even in the detail in 6B, from nearby damaged right atrium, 
although the artery is well seen. There is gross invasion of the node to the right of the artery by 





Fic. 7.—Severe node damage in cardiopathy. From the heart of a woman of 49 with 

established atrial fibrillation. (A) General view of the surviving nodal tissue, 
situated medially. Several arteries; with node mainly around the artery inside the 
rectangle. Verhoeff-van Gieson. X12. (B) Detail of area inside rectangle of (A). 
Tissue mainly dark-staining fibrous tissue, with some fatty invasion. X75. 
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fibro-fatty tissue and severe muscle depletion. The atrial myocardium below the artery is al o 
severely damaged. 

Fig. 7 illustrates the node from the heart of a woman of 49 with cardiopathy and establish d 
atrial fibrillation. The heart was enlarged generally, but the only naked-eye lesion was a small sc ir 
in the left ventricle. The low-power picture (Fig. 7A) shows the largest portion of node to be fou: d 
in this specimen, and it will be seen from the ground plan that this section was taken from the med il 
side of the landmark. There are several arteries, most of the node being distributed around t ie 
artery inside the rectangle. Fig. 7B shows that this nodal tissue is largely dark-staining fibro is 
tissue, with some fatty invasion. 





Fic. 8.—Elastosis of node in myocardial infarction. Woman of 68 with large recent posterior infarction indi- 
cated by the arrows, and a history of paroxysmal atrial fibrillation. (A) General view of node which is 
clearly defined as the dark central strip by the excess of elastic tissue. The main artery lies to the inner 
side of the node, with branches in the node and in its medial limb below. Verhoeff-van Gieson. x9. 
(B) Area inside rectangle of (A) to show the widespread distribution of the elastic tissue, with loss of 
nodal muscle. x54 





Fic. 9.—Severely damaged node in heart with calcific aortic stenosis but no arrhythmia. From a man of 61 wh» 
had also thrombosis in the abdominal aorta and cardiac jaundice. (A) General view of surviving noc > 
mainly to the left of the two arteries. Verhoeff-van Gieson. x9. (B) Detail of area inside rectangle ¢f 
(A), showing severe depletion of node muscle, fatty replacement, and scattered hemorrhage. x58 


Fig. 8 shows a clear example of elastosis of the node. The heart shows extensive recent my )- 
cardial infarction which is mainly posterior and basal, as indicated by the arrows. The patient w:s 
a woman of 68 who had paroxysmal atrial fibrillation. Fig. 8A shows how the elastic tissue h -s 
rendered the node very distinct, and there are three arteries visible. Fig. 8B shows the widespre: d 
distribution of this elastic tissue with loss of nodal muscle. 
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The question might be asked at this stage. Is it possible to tell whether there was an arrhythmia 
ir life from the appearance of the node? In 14 of the 15 cases with obviously damaged nodes, the 
fcrecast I made was correct, but in the fifteenth, which occurred late in the series, I was wrong. 
It was from a man of 61 with calcific aortic valve stenosis, thrombosis of the abdominal aorta, and 
c:rdiac jaundice, and there was no arrhythmia. Fig. 9 shows the aortic valve stenosis, and the 
severely damaged node: in (A) there are two node arteries, with node mainly to the left of them, 
ai d (B) shows great depletion of node muscle, with fatty replacement and scattered hemorrhage. 
T ie right atrium in this heart was almost normal, but I must confess to my astonishment that this. 
man had not had an arrhythmia. It is possible that there was still sufficient functioning nodal 
ti sue; it is also possible that his heart was about to fibrillate when he died. However, this case 
des emphasize the importance of examining the whole node area because even when this is done, 
a: in this case, one may misinterpret the node function in life. 





Fic. 10.—Surgical trauma of the node in a heart, with sinus venosus type of atrial septal defect, a tentrance of 
superior vena cava and anomalous right pulmonary veins (white arrows). From a woman of 46 with 
paroxysmal fibrillation before operation and evidence of shifting pacemaker during the operation. The 
heart is shown from the right side. (A) General view of node (already diseased) with dark traumatic 
hemorrhagic inflammatory areas above and below the artery. Arrow 2 indicates a surgical stitch in the 
epicardium. Hzmatoxylin-eosin. x9. (B) Acute inflammatory reaction in the area indicated by the 
arrow 1 in(A). 365. 


Surgical Trauma. In the group with severely damaged nodes and arrhythmia, there were two 
examples of additional surgical trauma. The node is in some danger at heart operations. The 
atrial incision may divide it; the superior vena caval tourniquet may damage it; it may be crushed 
by forceps; or it may be involved in suturing. 

The first example was found in a woman of 46 with the sinus venosus type of atrial septal defect 
and anomalous right pulmonary veins (indicated by the white arrows in Fig. 10). Before the opera- 
tion for repair of the defect, paroxysmal fibrillation was present. During operation, the electro- 
cardiogram showed atrial fibrillation, nodal rhythm, and then coronary sinus rhythm—indicating a 
shift of the pacemaker. (Similar changes occur in hypothermia in other cases.) However, the node 
proved to be a very poor one, with added traumatic hemorrhagic inflammation seen as the dark 
areas in Fig. 10A above and below the node artery. At the area marked by arrow 1, there was 
acute inflammatory reaction (Fig. 10B) and a surgical stitch appeared in the epicardium at the point 
of arrow 2. 

The second example of additional surgical trauma was in the node of the heart from a young 
woman with the ostium secundum type of atrial septal defect. There had been a history of 
paroxysmal atrial flutter for four years. Surgical repair of the defect was undertaken but she died. 
The node proved to be small with depleted muscle, and in addition there was an extensive hemor- 
rhagic necrosis in and near the node, and fibrin on the epicardial surface. 
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OTHER FEATURES 


There was one heart among the 65 in which the node was not located with certainty. It w s 
from a woman of 28 with atrial fibrillation, and was an example of single atrium. The node lan 
mark was not evident, and so far, 22 blocks of tissue from the likely area have failed to show mo 
than a distinct artery, with a few node-like fibres. It is possible that the node was so badly damag: 
that it is unrecognizable. It is just as likely, however, that the node has not yet been found owi: 
to the absence of its landmark. 

In addition to the more severe lesions already described, several other interesting features we 
noted in the course of the study, and these may be considered under three headings: (1) vascul r 
lesions, (2) hypertrophy, and (3) neoplasms. 

(1) Vascular Lesions. The commonest of all node lesions in this series of 65 hearts was focal 
hemorrhage. Fig. 11A shows focal hemorrhage in the lower part of the node, adjacent to the atrial 
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Fic. 11.—(A) Focal hemorrhage in lower part of node. From a woman aged 60 with normal rhythm. The 
heart showed rheumatic aortic stenosis. Hematoxylin-eosin. x54. (B and C) Localized hyper- 
trophy, mainly medial, of node artery with stenosis of lumen. From a woman of 47 with mitral stenosis, 
pulmonary hypertension, and atrial fibrillation. (B) General view of node which is large and extends to 
the bottom of the picture into the atrial myocardium. There is much reduction of muscle with fibro-fatty 
replacement. (The other strips of tissue showed small arteries). Verhoeff-van Gieson. x9. (C) Medial 
hypertrophy, with moderate intimal thickening. x54. 


myocardium. This section was from a woman of 60 with aortic valve stenosis and mitral regurgit- 
tion, without any arrhythmia. Apart from the hemorrhage, the node was within normal limits. 

It is possible that focal hemorrhage and other lesions such as active rheumatism may damage t! e 
node temporarily, and this might be associated with a passing arrhythmia. With resolution of t' e 
lesion, the node could carry on functioning normally. This process might occur several times un‘ il 
the node is so damaged that a permanent arrhythmia is established. 

Arterial lesions in the node itself were hardly seen at all in this study. There was one examy 2 
of localized hypertrophy of the artery in the node in the heart of a woman of 47 with mitral stenos :, 
tricuspid regurgitation, and pulmonary hypertension. There had been atrial fibrillation. In o 
of the pacemaker blocks only, the artery was stenosed and its media grossly thickened (Fig. 11, 3 
and C). The node itself was severely damaged but I think this was from rheumatism rather th: 1 
from ischemia. 

Atheroma of the artery in the node was mild and uncommon. Although the artery in the no: > 
rarely showed abnormality, this is not to say that the arteries in their course to the node do n t 
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su‘fer the same lesions as those of the rest of the coronary arterial system, and this is probably the 
case of node damage in the cases of cardiac infarction. 

(2) Hypertrophy. There was one outstanding example of hypertrophy of the node—indeed it 
wes the largest in the series. It was found in the heart of a man who suffered from Refsum’s 
sy: drome—a rare form of familial polyneuritis with night blindness, cerebellar ataxia, and other 
ne vous manifestations. The heart showed gross hypertrophy of the left ventricle, and the myo- 
ca: lium throughout showed non-specific degenerative changes (Gordon and Hudson, 1959). The 
no 'e extended from the medial to the lateral side. Fig. 12A shows it extending just under the 
en: ocardium right down the right half of the picture and Fig. 12B shows the abundant normal node 
mi scle with a few strands of dark fibrous tissue. There was no arrhythmia. Fig. 12C is interesting 
in howing not only that the node is still very large on the medial side, but also that the node artery is 
cu longitudinally as it ascends in the epicardium at the lower right side of the picture. 





Fic. 12.—Hypertrophy of the node in the heart of a man with Refsum’s syndrome. The heart showed 
massive hypertrophy of the left ventricle, and widespread non-specific degenerative changes in the myocar- 
dium. The rhythm was normal. (A) General view of the large node which lies under the endocardium 
and extends out of the bottom of the picture. The arrows in the ground plan show how the node extended, 
being quite easily found at the arrow-points. Verhoeff-van Gieson. x9. (B) Area in rectangle of (A) 
to show the abundant muscle (pale). x54. (C) Node stilllarge and clear. Main artery ascending in epi- 
cardium from bottom right corner. The artery in the node is shaped like a7. Verhoeff-van Gieson. x9. 


Lev (1954) described the changes in the node of the normal heart at various ages. I have not 
been able to correlate appearances with age very well, possibly because the hearts were abnormal. 
Increase of fibrous, elastic, and fatty components of the node with advancing age, such as Lev 
described, has not been noted with any consistency. I have not encountered a true example 
of node atrophy. Whenever the node has been small, it has been diseased. 

(3) Neoplasms. The series included two cases of bronchial carcinoma in which the heart was 
involved, not only by metastases but by infarction also; and one case of rhabdomyoma. In both the 
bronchial carcinoma cases, the lymphatics adjacent to the node contained metastases, but the node 
itself was not invaded. In one of the cases, however, I found metastases in the substance of the 
main bundle of His. The patient was a man of 68 with carcinoma of the left main bronchus, 
metastases in the liver and suprarenals, cardiac infarction, and infarction of the brain, spleen, and 
kidney. In spite of this, there was no arrhythmia and the node showed some fibrosis only. 

The heart with rhabdomyoma proved extremely interesting. It came from a baby aged 13 days. 
There was a massive whitish tumour of the interventricular septum (Fig. 13B), and this was bulging 
into the cavity of the right ventricle, partly obstructing the tricuspid valve (Fig. 13A); it was also 
erupting into the left ventricle in three places (Fig. 13C). The upper nodule was obstructing the 
aortic valve and actually herniating into the right coronary ostium. 











166 REGINALD HUDSON 


Histologically, the appearances were typical of this tumour (which is probably not a true tumo 
but a hamartoma or maldevelopment): these are seen in Fig. 13E, which shows the characteri: 
sponge-like tissue of vacuolated cells (which some workers have demonstrated to contain glycog: 


In the centre is a so-called “‘spider cell,” in which the nuclear components of the cell are connec = 


to the cell membrane by fine thread-like strands. Although Fig. 13E shows little sign of stria 
muscle, numerous areas nearby showed typical myocardial striation (Fig. 13F). 
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Fic. 13.—Rhabdomyoma in the heart of a baby 13 days old. (A) Right ventricle, showing bulging of interventri- 
cular septum. (B) Main tumour mass in interventricular septum. (C) Left ventricle, showing three pale 
nodules of tumour. The upper one is obstructing the aortic valve and right coronary ostium. (D) Nodule 
of tumour (arrowed) immediately below the node. Verhoeff-van Gieson. X19. (E) General view of the 


tumour, showing the sponge-like tissue of vacuolated cells with a ‘‘spider cell’’ in the centre. x 
(F) Myocardial striation of the vacuolated cells. 315. (E) and (F) phosphotungstic acid—hematoxylin 


Sections from various parts of this heart showed numerous small masses like the main one ai 
the heart probably contained hundreds. I was fortunate, considering the size of the heart, to sect: 


the section illustrated in Fig. 13D, which shows the node around the artery and, immediately be! 
it, a rhabdomyoma nodule (arrowed). 


SUMMARY AND CONCLUSIONS 


A brief account is given of the historic events leading to the discovery of the sino-auricular n: : 
in the mole’s heart by Flack and Keith in 1906, and of its identification as the pacemaker of the dc : 


heart in 1910 by Lewis and his colleagues. 


An illustrated account of the anatomy and histology of an average normal human pacema | 
follows. Attention is drawn to the summit of the right atrium as the landmark for this structi ° 


Finally, the various lesions encountered in a study of the node in 65 human hearts are descri 
and illustrated. Besides drawing attention to the surgical risks to the pacemaker, I have emphasi 
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suggested that temporary arrhythmias may be associated with minor lesions of the node. 
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association of a diseased node with established arrhythmia, especially atrial fibrillation, and 


Established arrhythmia, especially atrial fibrillation, is commonly associated with disease of the 
emaker. Extended study may show this association to be constant. 


This work has been made possible by the patience, skill, and care of my histology technician, Mr. F. Dean, who 
shared my enthusiasm in this study. I am much indebted to him and to Miss Nina Lampen, photographer to the 
tute of Cardiology, who has given so much willing help with the illustrations. 

am also grateful to my colleagues at the Heart Hospital and Institute of Cardiology for allowing me to study 
1earts from patients who had been under their care; to Dr. Leslie Davies for his interpretation of the electro- 
iograms of the cases studied; to Dr. R. R. Wilson for sending me the remarkable specimen of rhabdomyoma and 
rofessor W. Blackwood who sent me the heart from the case of Refsum’s syndrome. 


REFERENCES 


wud, R. (1911). Arch. Mal. Caur, 4, 638. 

r, D. M., and Davies, F. (1934-35). J. Anat., 69, 303. 

kworth, J. W. A. (1952). M.D. Thesis, Univ. of Edin., quoted in A. W. Ham’s Histology. Lipincott Co., 
Philadelphia (1953). 

er, J. A. E., and Meek, W. J. (1921). Physiol. Rev., 1, 1. 

mset, D. J., and Glomset, A. T. A. (1940). Amer. Heart J., 20, 389. 

don, N., and Hudson, R. E. B. (1959). Brain, 82, 41. 


-, (1942). Brit. Heart J., 4,77. 
- (1948). Human Embryology and Morphology. 6thed. Edward Arnold & Co., London. 


is, T., Oppenheimer, B. S., and Oppenheimer, A. (1910-11). Heart, 2, 147. 
is, Sir Thomas (1925). The Mechanism and Graphic Registration of the Heart-beat. 3rd ed., Shaw and Sons, 


Ltd., London. 
klejohn, J. (1914). J. Anat. Physiol., 48, 1. 


ler, W. A., and McMahon, R. A. (1947). J. comp. Neurol., 87, 57. 
ssig, H. B. (1931). Bull. Johns Hopk. Hosp., 48, 162. 











MYOCARDIAL INJURY FROM THERAPEUTIC IRRADIATION 
BY 
MARY CATTERALL* AND WILLIAM EVANS 


From the Radiotherapy and Cardiac Departments of the London Hospital 


Received May 28, 1959 


In patients who undergo radiotherapy for malignant disease in the region of the chest, the diag- 
nosis of cardiac infarction has sometimes been entertained when chest pain has appeared as a 
prominent symptom during or after treatment. 

To resolve this diagnosis presupposes a knowledge of the effects of radiation upon the heart, 
and the changes that such treatment by itself can produce in the electrocardiogram—changes that 
might resemble those found in cardiac infarction. The present work was undertaken to decide this 
particular. 


THE INVESTIGATION DESCRIBED 


Twenty-six patients were assembled for the inquiry. One woman and five men suffered from 
inoperable carcinoma of the bronchus. Eight women with carcinoma of the right breast and 12 
with carcinoma of the left breast had undergone mastectomy. Before radiotherapy, the patients 
with carcinoma of the bronchus had symptoms attributable to the growth, and none had cardiac 
pain. Those with carcinoma of the breast were otherwise symptomless. 

In all save three patients, clinical, electrocardiographic, and radiological examination showed no 
abnormal signs in the cardio-arterial system. The three exceptions were Case 3 with systemic 
hypertension, where the electrocardiogram demonstrated left ventricular preponderance and cardio- 
scopy showed some enlargement of the left ventricle, and Cases 8 and 12 in which a low and blunt 
T wave in CR, suggested the presence of limited and painless coronary arterial disease. 

Irradiation Technique and Dosage. The 6 patients with carcinoma of the bronchus were treated 
with a radical course of irradiation from a telecobalt 60 unit, and the 20 patients with carcinoma 
of the breast were given deep X-ray therapy from 250 kilovolt machines directed to the chest wall and 
the lymphatic drainage areas of the breast. The site of the growth, whether in the bronchus or 
the breast, determined the place and distribution of the radiotherapy, and the technique differed 
accordingly in the two groups. 

Inoperable Carcinoma of the Bronchus. The neoplasm in each of the six patients was situated 
medially with a spread into adjacent mediastinal glands. Radiologically the affected area was 
limited to 150 sq. cm. Irradiation from a telecobalt 60 unit was applied through two portals of 
entry, and the total dose received by the growth was 4000 rads which was given in divided de es 
daily over a period of four weeks. 

Carcinoma of the Breast. The chest wall together with the axillary and supraclavicular lymph: ‘ic 
glands of the affected side received a total dose of 3650 roentgens. This was given in divided dc es 
on alternate days over a period of three weeks. The irradiation directed to the axillary and sur a- 
clavicular regions did not contribute significantly to the dose received by the heart. The chest will 
was treated by three beams of irradiation. The edge of the medial applicator was placed on a | ne 
drawn from the contralateral sternoclavicular joint vertically down the sternum, and the irradiat »n 


*In receipt of a research grant from the British Empire Cancer Campaign. 
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wes directed laterally across the mastectomy scar. The /ateral applicator was placed parallel to 
this and along a line proceeding from the mid-axilla. These two applicators were tangential to the 
cu-ve of the chest so that the irradiation glanced across the chest wall, avoiding as far as possible 
th: underlying lung. The /ower applicator was arranged at right angles to the lower edges of the 
ot ier two and was directed upwards across the scar. The total dose of 3650 roentgens was estimated 
at the central point on the skin between the two parallel applicators. The amount of radiation 
de ivered through each applicator varied in relation to the build of the patient and the distance be- 
tw en the applicators. 

The Dose Received by the Heart. Before commencing treatment of each patient with carcinoma 
of bronchus, a radiograph was taken on the telecobalt 60 unit to ensure that the tumour was in the 
ce itre of the beam of irradiation. This radiograph also demonstrated that no critical part of the 
he art lay within the path of the beam (Fig. 1). Moreover, there was no significant side-scatter from 
ga nma rays. 





Fic. 1.—Radiograph taken with a telecobalt 60 unit, 
showing the distribution of the beam of irradiation 
applied to a carcinoma of the bronchus situated in 
the region of the carina. No critical portion of the 
heart lies in the path of the beam. 


In patients who had undergone mastectomy for carcinoma of the breast, the position of the heart 
in relation to the beam of irradiation was determined by means of lead markers. These were 
attached to the skin over the lines along which the medial and lateral applicators were positioned. 
The patient was then screened and rotated until both sets of markers came into line when viewed 
radiologically, and a film was taken. 

In patients in whom the right side of the chest was irradiated, no part of the heart shadow 
appeared inside the boundary delineated by the markers (Fig. 2), but when the left side was so treated 
a portion of the heart usually extended beyond this demarcation line (Fig. 3). 

N 
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Fic. 2.—The heart shadow in a patient, treated for carci- Fic. 3.—A portion of the heart shadow in Case 4, 
noma of the right breast, lies wholly behind the lead treated for carcinoma of the left breast, lies in front 
markers. In that the heart remained outside the of the lead markers. In that it intercepted the beam 
beam of irradiation, no changes took place in the of irradiation, changes took place in the electro- 
electrocardiograms after irradiation. In this and in cardiogram after irradiation (see Fig. 5). 


Fig. 3 and 4, the dotted line (A) marks the site of 
the medial applicator and the continuous line (B) 
marks the site of the lateral applicator. 


Careful measurements were then made by means of the isodose curves appropriate to the applica- 
tors and the tissues irradiated, and the dose received at three points deep to the skin was calculated. 
This ranged from 3200 roentgens at the most anterior or superficial point, to 2200 roentgens at the 
geometrical edge of the beam which was about 6 cm. deep to the skin. Any portion of the he:rt 
within the area bounded by the markers received about 3000 roentgens. 

Pulmonary Function Tests. These were carried out in each of the six patients suffering from 
carcinoma of the bronchus, and in twelve with carcinoma of the breast. In four patients in whom 
electrocardiographic changes followed irradiation, pulmonary function remained normal through: ut 
the period of treatment and at a time when the electrocardiogram was abnormal. These findings 10 
not support the view of Wachtler (1953) that the lung was more sensitive to radiation than the he: tt, 
and that lung damage is present in cases where irradiation has injured the heart. 


ELECTROCARDIOGRAPHY 


An electrocardiogram recorded before radiotherapy had started was a normal tracing except or 
changes already described in Cases 3, 8, and 12. 


Three further electrocardiograms were taken after the completion of treatment. In five patic its 
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(Cases 3, 6, 10, 11, and 12) the first of these was recorded as soon as the period of irradiation had 
erded. One patient (Case 8) died within two months of the treatment so that only one tracing 
b.came available during the post-irradiation period. In the remaining cases four months were 
a!!owed to elapse before recording the first post-irradiation electrocardiogram. 


CHANGES IN THE ELECTROCARDIOGRAM FOLLOWING IRRADIATION 


For the purpose of analysing the changes that took place in the electrocardiogram of the 
ty enty-six patients undergoing radiotherapy, it has been found convenient to discuss them in three 
g oups according to the site irradiated and its relation to the heart. 

Irradiation of the Mediastinum. In this group are included the six patients with inoperable 
c:rcinoma of the bronchus. In no instance did the post-irradiation electrocardiogram differ 
fr »m the physiological tracing recorded before the treatment commenced. This caused no surprise in 
tl at no critical portion of the heart lay in the path of the beam of irradiation (Fig. 1). One patient 
d 2d during the period of observation, and shortly before his death a pericardial friction sound was 
h ard. Necropsy showed extensive invasion of the pericardium by the malignant growth. The 
e 2ctrocardiogram in this patient, recorded four months after the conclusion of treatment, and five 
n onths before his death, was physiological. 

Irradiation of the Right side of the Chest. In this group are included the eight patients with carci- 
n ma of the right breast. In none was the post-irradiation electrocardiogram abnormal, nor was it 
a.tered in any particular from the tracing recorded before radiotherapy started. 

This finding again caused no surprise in that the path of irradiation did not traverse any part of 
the heart (Fig. 2). 

Irradiation of the Left side of the Chest. In this group are included twelve patients (Cases 1 to 12) 
i whom mastectomy had been carried out for carcinoma of the left breast. Their ages varied from 
36 to 60 years and the average age was 50 years. 

In three patients (Cases 9, 10, and 11), the post-irradiation electrocardiogram was unaltered 
from the pre-irradiation tracing. In each instance a marker film (Fig. 4) showed that the heart lay 
outside the beam of irradiation. In Case 9 this resulted from a collection of fluid under the scar, 
while in Cases 10 and 11 the position of the heart in relation to the setting of the applicators was 
such that no part of the heart remained in the path of the therapeutic beam. 

In the remaining nine patients significant electrocardiographic changes had followed radio- 
therapy. In six (Cases 1, 3, 4, 5, 6, and 12) (Fig. 5 and 6) the changes were obvious, while in three 
(Cases 2, 7, and 8) (Fig. 7) they were less conspicuous. The cardiographic fault was confined to the 
T wave and no case showed significant Q waves nor depression of the S-T segment except in Case 3 
where this last effect had resulted from hypertension. The T wave in lead I was low or flat in all 
nine cases, and the wave was also deformed in CR4, showing frank inversion of the T in six, T-U 
depression in two, and a cloven T in one. 

In every patient with an abnormal electrocardiogram the deformity was present in the tracing 
recorded four months following radiotherapy. In two of these, when an earlier cardiogram was 
taken immediately treatment was concluded, changes had not then taken place. The cardiographic 
deformities discovered four months after treatment were still present in tracings recorded at nine 
months, but had disappeared from the cardiogram taken twelve months after the conclusion of 
treatment in each of the five patients followed for that period of time. 


THE MEANING OF THE ELECTROCARDIOGRAPHIC CHANGES 


It is clear that the cardiographic changes in our cases were not the outcome of a reaction in the 
pericardium. Thus, in none of the twelve patients submitted to irradiation of the left chest was a 
pericardial friction sound heard, nor was there any elevation of the “saddle curve” type in the S-T 
segment in tracings recorded during the immediate post-irradiation period. Moreover, inversion of 
the T wave disappeared after an interval of 9 to12 months. In one patient in whom the mediastinum 
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Fic. 4.—The heart shadow in Case 10, treated for Fic. 5.—Post-irradiation electrocardiogram in three 
carcinoma of the left breast, lies posterior to the cases treated for carcinoma of the left breast, 
lead markers. In that the heart remained outside following mastectomy. The T wave is low in 
the beam of irradiation, no changes took place in some leads and is inverted in CR4. Changes 
the post-irradiation electrocardiograms. of left ventricular preponderance from incidental 


hypertension are added in Case 3. 








was irradiated for carcinoma of the bronchus, where the electrocardiogram recorded four 
months later was a normal tracing, a pericardial friction sound was heard 5 months later, immedi- 
ately before his death: at necropsy the pericardium was extensively involved by neoplasia. Tricot 
et al. (1954) described a patient who had received five courses of deep X-ray therapy in the treatment 


of carcinoma of the left breast, the total dosage being 13,000 roentgens: three months before h 


or 


death she developed a pericardial rub followed by atrial fibrillation and T wave inversion in the 
electrocardiogram. Necropsy showed constrictive pericarditis in which the pericardium wis 


4 mm. thick. No such complication has so far happened in our patients, but the dosage in o 
cases was much less, and so also has been the period of observation. In one of our patients (Case 
a localized linear deposit of calcium has appeared in the pericardium but her electrocardiogr: 
has fully recovered, and she shows no evidence of constrictive pericarditis. 

We have regarded the T wave changes exhibited by our patients as the result of a localiz 


myocardial injury caused by the irradiation, but we have not been afforded the opportunity to exa 


ine the lesion histologically in that necropsy was not made available in the single patient (Case 
who died in the post-irradiation period when the electrocardiogram was abnormal. The limit 
distribution of the injury is indicated by the absence from all the electrocardiograms of both sign 
cant Q waves and depression of the S-T segment. The innocent nature of the lesion is told by t 
recovery of the tracing to its pre-irradiation state, so that complete resolution of the injured a 
took place in the absence of fibrotic scarring. 
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FIG. 6.—Post-irradiation electrocardiogram in Fic. 7.—Post-irradiation electrocardiogram in three 
three cases treated for carcinoma of the left cases treated for carcinoma of the left breast, 
breast, following mastectomy. The T wave following mastectomy. The T wave in lead I is 
is low in some leads and is inverted in CR4. low. Depression of T—-U segment in CR, in 

Cases 2 and 7, and a cloven T in the same lead 
in Case 8. 
DISCUSSION 


In the past the heart has been deliberately exposed to irradiation with the intention of improving 
myocarditis and aortitis (Beeck and Hirsch, 1916), and endocarditis (Levy and Golden, 1925). 
Massive experimental irradiation of the thorax, with subsequent histological examination of the 
heart, has been carried out in dogs and sheep by Hartman ef al. (1927), and in rats and rabbits by 
Warthin and Pohle (1929). In both series the injury to the myocardium was considerable, but 
although such information has value, it would be fallacious to apply to man the results so obtained 
in animals by means of deliberate heavy irradiation. Thibaudeau and Mattick (1929), however, 
examined sections taken from the wall of the left ventricle, mid-way between the apex and the mitral 
valve, and along its lateral border, in 10 cadavers whose hearts in life had been exposed to irradiation 
in the treatment of adjacent organs affected by malignant disease. This histological examination 
showed changes that varied from slight interstitial fibrosis to hyaline and fatty degeneration of 
muscle fibres with necrosis. 

Whitfield and Kunkler (1957) have written on the electrocardiographic findings in patients under- 
going radiotherapy directed to a carcinoma of the left breast in two patients, to lymphosarcoma of 
the mediastinum and neck in one patient, and to carcinoma of the bronchus in another. Inversion 
of the T wave in leads V1, V2, and V3 coincided with the erythematous skin reaction two to five 
weeks after treatment. Such changes disappeared within two months in three patients, but death 
ensued unexpectedly in one patient when the treatment had lasted five weeks; histological examina- 
tion of the heart in this case failed to discover any abnormality. These authors considered that 
the cardiographic changes had resulted from direct damage to the heart muscle itself and not from 
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ischemia secondary to irradiation arterial damage as had been reported in animals as a delay 
effect. The electrocardiographic changes in their series located the injury in the right ventric 
In our series, they placed the lesion in the left ventricle. This difference is explained by 1 1¢ 
different techniques adopted which exposed different portions of the heart to a high dosage > 
X-rays. 

Pearson (1958) reported two patients with left mammary carcinoma treated with deep X-ra s 
who developed signs of “extensive cardiac infarction” six months after the treatment. He did 1 >t 
consider that coronary atheroma had been the cause, for subsequent clinical and electrocard. )- 
graphic recovery was greater than that expected from atheromatous coronary occlusion. 


2 & 
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SUMMARY AND CONCLUSIONS 


Since the diagnosis of cardiac infarction as the source of chest pain has sometimes been entcr- 
tained in patients in whom the chest has been irradiated during treatment of malignant disease, it 
is necessary to decide whether incidental irradiation of the heart can cause electrocardiographic 
changes which simulate those found in cardiac infarction. 

In six patients with inoperable carcinoma of the bronchus, and in eight patients with carcinoma 
of the right breast, in all of whom the path of the therapeutic rays did not traverse any critical portion 
of the heart, the electrocardiogram taken after irradiation was found to be unaltered from the tracing 
taken before. 

Among twelve patients who had undergone radiotherapy following mastectomy for carcinoma 
of the left breast, electrocardiographic changes limited to the T waves took place in nine. Thus, 
the T wave was low or flat in lead I in all nine; in CR, the T was cloven once, and showed 
depression of the T-U segment twice, while in the remaining six patients the T was frankly 
inverted. This disposition of the deformed T wave placed the injury in the anterior wall of the left 
ventricle. 

The changes appeared within four months of the conclusion of treatment, and rarely earlier 
than this. They lasted for a period of nine months, and had disappeared completely within twelve 
months in each of the five patients followed for that period of time. These findings indicate that the 
myocardial lesion resolved entirely and without scarring, emphasizing the innocent nature of the 
injury to the heart. This temporary injury seems inevitable when therapeutic irradiation of high 
dosage is applied in such close proximity to the heart. In three patients in whom irradiation had not 
affected the electrocardiogram, marker films showed that the heart was so placed in relation to the 
path of the rays that it lay outside the geometrical edge of the beam. 

The importance of the findings lies with the recognition of the cause of the electrocardiographic 
changes, for should a patient subjected to radiotherapy of the left chest during the previous 12 months, 
usually in the course of treating carcinoma of the left breast subsequent to mastectomy, sufler 
from chest pain, changes that may show in the electrocardiogram are more likely to be irradiation 
effects than those identified with cardiac infarction. 


Our thanks are due to Dr. Walter Shanks and Dr. J. A. Orr of the Radiotherapy Department of the Lond )n 
Hospital for their help in the treatment of the patients we report here, who were in their care during the perioc of 
investigation. 
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Cardiac surgery has advanced so rapidly in the last decade that the correction of many congenital 
art defects, which was the dream of the surgeon of yesterday, has today become a reality. This 
stly extended scope of operative technique, which may indeed be life-saving in infants and children, 
n only be possible with accurate diagnosis. Though many special techniques are available for 
‘termining the exact nature of the defect before operation, none perhaps is so simple and affords 
much information as the electrocardiogram, particularly as we shall see later, when serial records 
e taken at intervals after birth. 

In the diagnosis of the abnormal, it is essential to be familiar with the normal, and it is curious 
tiiat so far there is a dearth of reports of serial electrocardiograms of normal infants. 

Richman and Master (1951) took serial cardiograms of ten babies from birth to four days. In 
the first 24 hours, the T wave was upright or diphasic in V4R, V1, and V2 and inverted in V4, V5, 
aud V6 in 74 per cent of cases: it was negative in VI in 7 per cent of cases. Ziegler (1951 and 
1956) has taken about fifty cardiograms of babies from one to seven days, and has pointed out the 
characteristic patterns in the newborn, but how many of them were serial was not mentioned. 

The variations in the normal patterns during the changing phases of infancy have not yet been 
established. This study was, therefore, undertaken to obtain data on cardiographic changes 
during the first week of life in normal babies. 
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MATERIAL AND METHODS 


In the present study, serial electrocardiograms were recorded in 44 normal babies from birth to seven 
days. On an average four records were taken in each infant, the first within 24 hours of birth, the second 
from one to three days, the third from three to five days, and the fourth from five to seven days after birth. 
In some cases five records were taken, one within half an hour, one between 12 and 24 hours after birth, 
and the others as already mentioned. There was no clinical evidence of cardiovascular disease in these 
infants. 

All records were taken in the supine position, without sedation, on a single channel direct writing electro- 
cardiograph, at a paper speed of 25 mm. a second. 

The standard extremity leads were recorded in the usual manner and the augmented unipolar extremity 
leads by Goldberger’s technique (Goldberger, 1942). Unipolar precordial leads were taken from V4R, V1 
to V6, using the central terminal of Wilson (Wilson et al., 1934) as the indifferent electrode. These pre- 
cordial positions were localized with care, according to the recommendations of the American Heart 
Association. 

The record was standardized in every lead to give a 10 mm. deflection with the introduction of one 
millivolt into the circuit. A precordial exploring electrode, 1-5 cm. in diameter, was used. All precautions 
were taken to avoid distortion of ventricular deflections as a result of surface conduction by the careless 
application of excessive electrode jelly. 


* Paper read at the III World Congress of Cardiology, Brussels, September, 1958. 
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The heart rate was measured in each lead and the maximum, minimum, and average rates recorded. T e 
amplitude of the different complexes, P, Q, R, S, and T was measured in each lead in all records. T 
mean electrical axis of P, QRS, and T waves in the frontal plane was determined by using the triaxial refi - 
ence system of Bayley (1943). Ina few cases, however, where the T waves were flat in most leads, it was r >t 
possible to obtain the correct axis. These figures were, therefore, not included. 


oO 


RESULTS AND DISCUSSION 


Heart Rate. The average rate in infants during this period is high (Table I), but is similar o 
the figures given by Furman and Halloran (1951), Ziegler (1951), and others. As no sedation ws 
used, it is possible that the figures that were obtained in this group of infants were not basal and we e 
possibly higher than the usual rates, as the procedure of taking the tracing would be sufficient ‘o 
excite an infant. 

TABLE I 
HEART RATE IN 44 INFANTS 





| 
| Heart rate (beats a minute) 








Age in days Pk ss hes fae Ce eee 
| Average Minimum Maximum 
0-1 | 431 88 162 
1-3 133 71 187 
3-5 134 94 172 
5-7 138 94 187 
TABLE II 


MEAN ELECTRICAL Axis OF P, QRS, AND T WAVES 








P wave QRS T wave 
Age in days : tne = = = a zs ‘eae cecaa = a 
Average | Minimum | Maximum | Average | Minimum | Maximum | Average | Minimum | Maximum 
0-1 55 25 75 130 61 205 | 42 —20 140 
1-3 53 30 80 124 65 180 52 | —10 140 
3-5 55 30 80 127 70 175 24 —60 120 
5-7 54 19 80 128 80 171 | 24 —60 120 





One interesting fact that emerged was that the average rate at the end of a week was about 
7 beats a minute more than that at birth. This may be because the infant is a little more awake ard 
active by that time. Ziegler (1951) also noted a similar rise. 

Rhythn. Sinus arrhythmia was seen in seven infants, always at rates below 115a minute. Out 
of the five who showed sinus arrhythmia at birth, two continued to show it even at 7 days; in 
two others it stopped after 24 hours when the rates increased to 138 and 162 a minute respective!y; 
and in one it stopped after three days when the rate rose to 150 a minute. There were two oth: °s 
where sinus arrhythmia started after 24 hours: in one it disappeared on the seventh day and in t1¢ 
other it was still present at the end of the seven days. 

Furman and Halloran (1951) found normal rhythm without sinus arrhythmia in 20 cardiogra: !s 
in the first week of life, and Richman and Master (1951) found it in only 4 of 70 cardiograr s. 
There is no doubt that sinus arrhythmia is uncommon in this age group (Gros et al., 1951). It is 
usually seen in older infants in whom the heart rate is slower (Ziegler, 1951). 

Even with rates as high as 187 beats a minute sinus tachycardia was present. None of our ca: 's 
had paroxysmal tachycardia, which, in infants, is usually associated with rates of 250 to 300 a 
minute. Hubbard (1941) found four reported cases of paroxysmal tachycardia and one of auricu ir 
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flu'ter in babies under 10 days of age, and added another of his own, a baby of 10 days, who had 
supraventricular paroxysmal tachycardia. 

Electrical Axis of Deflections in the Frontal Plane. The average axis of the P wave at birth in 
ou” series was 55° (minimum 25°, maximum 75°). There was no significant change in the average 
axis at the end of a week. These figures are similar to those reported by Ziegler (1951). 

The QRS axis in the frontal plane varied between 61° and 205° at birth, with an average of 130°. 
In most cases there was little change in the axis at one week, except that when right axis deviation 
wa; extreme, it shifted towards the average at the end of a week. However, in a few cases the 
ax ; actually shifted to the right (Fig. 1). 
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Fic. 1.—Serial electrocardiograms of a healthy full-term Fic. 2.—Serial electrocardiograms of a healthy 
infant. The QRS axis in the frontal plane, initially full-term infant. T waves in V4R and V1 
125°, changes over a period of 7 days to 170°. (A) at to V3 are upright at 2 hours (A), become less 
30 minutes, (B) at 1 day, (C) at 3 days, (D) at 5 days, positive at 2 days (B), flat at 5 days (C), and 
and (E) at 7 days. diphasic at 7 days (D). These are the usual 


T wave changes seen in right precordial leads. 


There was a shift of the average axis of the T wave to the left, from 42° at birth to 24° at one 
week. This is a reflection of the greater positivity of T waves in the left precordial leads at the end 
of one week. The values for the axes of P, QRS, and T are only approximate, since they were not 
calculated by measuring the area. 

QRS Patterns in Precordial Leads. In all electrocardiograms, the R wave was prominent in 
V4R and V1, and the R/S ratio was greater than one in these leads. The common types of QRS 
patterns seen in the right and left precordial leads are shown in Table III. They did not change 
significantly at one week. The pattern of right ventricular dominance was always striking. This 
point is worth emphasis as it may be difficult to distinguish from a pathological right ventricular 
hypertrophy. 
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TABLE III 
QRS PATTERNS IN PRACORDIAL LEADS AT BIRTH 








Right side | Transitional zone Left side 
27 infants .. ae | R or Rs Usually V3 to V6 r, rs, or qr 


17 infants .. cur oe RorRS | Usually V2 to V4 | aR, R, or RS 





T Wave Changes in the Precordial Leads. In serial electrocardiograms the most signific int 
changes in the precordial leads were seen in the T waves, and the QRS complexes remai.ied 
essentially the same. There were two distinct types of changes in the T waves. 

(a) In the first, the T waves in V4R and V1, which at birth were either positive or diphasic (— --), 
became diphasic (—+) and finally negative at the end of one week in most cases (Table | V). 
Typical T wave changes in the right precordial leads during the first week are shown in Fig. 2. 


TABLE IV 
T WAVES IN PRACORDIAL LEADS 


| | 











V4R Vi V6 
At birth 
Positive wa aS 59% 64% 58% 
Diphasic (— +) Ma 29% a. 20% 
Negative oe en Vip 0% TAH 
Flat .. be st 10% EA is%, 
At one week 
Positive a - 0% Ey 16% 
Diphasic (— +) a 29% 44% 10% 
Negative st Bs is yA bp yA 1% + 
2 Sg 0% 0% bg 





In the left precordial leads, the incidence of positive T waves increased, but in 11 per cent of 
cases the T was still negative at the end of one week, so this cannot be considered abnormal. Fig. 3 
shows negative T waves in all precordial leads at 7 days. These changes could possibly be on the 
basis of changes in serum potassium levels (Lepeschkin, ef. al., 1958) or intraventricular pressure 
changes affecting the repolarization of the ventricles. 

(b) The second T wave change in the right precordial leads, V4R and V1, which has been 
noticed by us in three babies, has so far, to the best of our knowledge, not been described elsewhvre. 
In these 3 cases, two electrocardiograms were taken within the first 24 hours, the first immedia'ely 
after birth and the second after 12 to 24 hours. In the first case, the T wave changed from diph sic 
(—+) to a more positive diphasic (—+ +); in the second (Fig. 4), from negative to positive; nd 
in the third (Fig. 5), from positive to more positive. Thus, in these three cases, there we; a 
significant change towards positivity in the T waves from birth to 24 hours. After 24 hours, ‘he 
T waves followed the usual changes described in (a). 

These unusual T wave changes during the first 24 hours may be due to electrolyte changes c - to 
an increase in oxygen saturation as the respirations improve. Hzmolysis of the red blood cells < ter 
birth may increase the serum potassium level, thus causing a positive T wave. Clinically there vas 
no respiratory embarrassment or cyanosis at birth in these three infants. However, no oxy sen 
saturation studies were done, nor were the serum electrolytes determined, so it is not possibl to 
express any opinion. 
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Fic. 3.—Serial electrocardiograms of a healthy full-term infant, showing the usual evolution 
of T waves in right precordial leads. They are positive at birth and become negative 
at 7 days. Here, however, the unusual feature is the presence of negative T waves in 
all precordial leads at 7 days. 
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Fic. 4.—Serial electrocardiograms of a healthy full-term infant. T waves in V4R 
and V1 are negative at half an hour, become positive at 24 hours, and 
subsequently become negative at three and five days. 
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SUMMARY 


Serial electrocardiograms were recorded in 44 normal infants, from birth to seven days of life, 
and changes noted therein are reported. 

The average heart rate at birth was 131 beats a minute, and at 7 days 138 a minute. Sinus 
rhythm was present in all cases. 7 showed sinus arrhythmia at rates below 115 a minute. 

At birth, the average axis for the P wave was 55° and for QRS, 130°. It did not change sig- 
nificantly at the end of one week. The average axis of the T wave shifted to the left, from 42° to 24°. 

All electrocardiograms showed R, Rs, or RS complexes in V4R and V1. The QRS patterns 
remained essentially the same at the end of one week. 

Most significant changes were seen in the T waves in the chest leads. Within 24 hours of birth, 
the T waves on the right side in V4R and V1 were positive in 59 per cent, diphasic (— +) in 29, 
flat in 10, and negative in 2 per cent. At the end of 7 days, the T waves became negative in 71 and 
diphasic (— +) in 29 per cent. Unusual changes, which have not so far as we know been describ: d, 
were seen in three cases. The T waves in the leads from the right side became more positive wit! in 
the first 24 hours. Subsequently they followed the usual pattern. 
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_eft ventricular aneurysm is a very rare finding in the African and it is the purpose of this paper 
to escribe four such cases, including one following coronary thrombosis. 

Sternberg (1914) has shown that 85 per cent of cardiac aneurysms in white patients follow on 
my cardial infarction. A different picture is presented in the African. In a series of fifteen 
Afiican patients with left ventricular aneurysm, Jacobs (1952) found that none were due 
to :oronary thrombosis, whereas his 65 cases of aneurysm in white patients were all due to this 
cal se. 

The low incidence of coronary thrombosis (and consequently of left ventricular aneurysm) in 
the African appears to be due to the notable absence of severe coronary atherosclerosis (Wain- 
wrizht, 1958). This last observation has also been the experience of workers at other centres in 
Africa (Becker, 1946; Higginson and Pepler, 1954; and Gelfand, 1948). 


CASE REPORTS 


Case 1. An African woman, aged 30 years, was first seen in 1951 and died nine months later. She was 
admitted to hospital on three separate occasions during this period and each time gave a history and pre- 
sented with signs typical of congestive cardiac failure. B.P. 120/85 mm. Hg. Pulse rate 104/min. There 
was a harsh systolic murmur at the apex with an accentuated pulmonary second sound. On each admission, 
except the last, there was a good response to mercurial diuretics, digitalis, and rest, but on the last there 
was poor response to therapy and the patient died suddenly during the fourth month in hospital. X-ray 
and screening of the chest (Fig. 1) showed an enormously enlarged heart with ill-defined pulsation in all areas. 
The left ventricle was much enlarged with an irregular bulge which showed paradoxical pulsation. The 
electrocardiogram (Fig. 2) showed low voltage, incomplete left bundle-branch block, and slightly inverted 
T waves in leads 1, AVL, and VS. 

Necropsy. Apart from generalized congestive changes, the only abnormal findings were in the heart. 
A straw-coloured effusion was found in the pericardial sac. The heart was enlarged. There was a large 
aneurysm, slightly lobulated and about 7 cm. in diameter, situated antero-laterally at the level of the atrio- 
ventricular groove (Fig. 3). The wall of the aneurysm was thin and fibrous and was lined on the inside by 
an adherent organized thrombus. The left ventricular myocardium showed some hypertrophy and dilatation 
and the right ventricular myocardium some hypertrophy. There was no lesion of the coronary arteries and 
the valves were normal. The aorta was thickened and wrinkled, but the coronary ostia were not involved in 
any disease process. 

Histology. The wall of the aneurysm was formed by vascular fibrous tissue with numerous dilated thin 
walled vessels and was lined by laminated thrombus. The wall was very thin at some points. The adjacent 
myocardium showed degenerating fibres and areas of fibrosis. No changes were seen in the vessels and no 
active inflammatory process was present. The ztiology of these changes was not apparent. 

Case 2. An African woman, aged 24 years, was admitted with the typical symptoms and signs of con- 
gestive cardiac failure. In addition, she complained of severe pain in the ankle and knee joints a week 
before the onset of failure. The heart was enlarged. The pulse was of low amplitude, with a rate of 
181 






A. O. LURIE 






Fic. 1.—Radiograph of Case 1, sho ing 
enormously enlarged heart. “he 
aneurysm was seen only in the left 
oblique position. 
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am c Fic. 2.—Electrocardiogram 
from Case 1, showing low 
AVR AVL AY voltage, incomplete left 
bundle-branch block, and 
inverted “T waves in Icads 
! 1, AVL, and VS. 
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Fic. 3.—Photograph of the heart of C. ¢1, 

showing the left ventricle and the irge 
aneurysm at the level of the < rio- 
ventricular groove. 
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Fic. 4.—Radiograph of Case 2, showing the enlargement of the cardiac 
shadow and the right pleural effusion. The aneurysm is not visible. 
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Fic. 5.—Electrocardiogram of Case 2. The tracing is within normal limits in spite of the gross 
changes found at necropsy. 
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Fic. 6.—Photograph of the heart of Case 2. The aneurysm and its opening from the 
left ventricle are clearly seen at the top right. 





Fic. 7.—Photograph of the heart of Case 3, showing the 
left ventricle with the large opening into the 
aneurysm. Aneurysmal dilatation of the mitral cusp 

is also clearly seen. 
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Fic. 8.—Radiograph of Case 4, showing the large bulge of the left 
ventricular aneurysm with calcification in its wall. 


120 a minute, and on the day of admission, pulsus paradoxus was present. B.P. 90/70 mm. Hg. A loud, 
rough pan-systolic murmur was heard at the apex, with a short rumbling mid-diastolic murmur. The 
pulmonary second sound was accentuated. The patient was treated with digitalis, mercurial diuretics, 
salicylates, and steroids, but there was no improvement in the signs or symptoms and she died a month after 
admission. X-ray of the chest (Fig. 4) showed much cardiac enlargement and the heart was globular in 
shape. Bilateral basal congestive changes and right pleural effusion were noted. The electrocardiogram 
(Fig. 5) was within normal limits. 

Necropsy. Apart from generalized congestive changes, the only abnormality was found in the heart, 
which was enlarged (Fig. 6). There was a lobulated aneurysm 34 cm. in diameter just below the atrio- 
ventricular groove and slightly to the left of the intraventricular groove. The aneurysm had numerous 
adhesions on its outer surface. It was lined on the inside by organized blood clot. One cusp of the mitral 
valve showed aneurysmal dilatation and was bulging into the left ventricle. The right ventricle showed 
some dilatation and hypertrophy. The left ventricle was hypertrophied and also showed well-marked 
subendocardial fibrosis. There was patchy fibrosis of the left ventricular myocardium. Dissection of the 
coronary arteries showed no evidence of disease. The aorta was normal. There was no fluid in the peri- 
cardium, but there was evidence of old, healed pericarditis. 

Histology. The wall of the aneurysm consisted of dense collagenous fibrous tissue with foci of calcifica- 
tion. There were deposits of blood pigment in the wall and the lining of the aneurysm consisted of organized 
blood clot. Numerous dense adhesions were present over the outer surface of the aneurysm and there 
was evidence of a non-specific chronic pericarditis. The heart muscle in the area near the interventricular 
septum showed fibrosis and chronic inflammatory cell infiltration. A marked degree of subendocardial 
fibrosis was present. There was hypertrophy of the heart muscle. The coronary arteries showed no 
evidence of disease. In the sections examined, there was no evidence of any specific disease process that 
could account for the formation of an aneurysin. 
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Fic. 9.—Electrocardiogram from Case 4, showing evidence suggestive of anteroseptal infarction 
and the changes that have occurred during the four-year period between the two tracings. 


Case 3. An African man, aged 31 years. His main complaints were pain in the chest for three weeks, 
dyspnoea on exertion, orthopneea, a cough productive of blood-stained sputum, and swelling of the ankles. 
There was a history of pain in the elbows, knees and ankles about six months before admission. On 
examination the patient was found to be pyrexial (100° F.). Jugular venous pressure was slightly raised. 
The pulse rate was 96 a minute, the B.P. 110/80. Clinical evidence of cardiomegaly was present. A 
systolic murmur was heard at all areas, but maximally at the apex. There was some evidence of pulmonary 
congestion and tender hepatomegaly was found. There was some cedema of the legs. The patient was 
digitalized and given mercurial diuretics, but there was no response to treatment and he died suddenly a 
month after admission. X-ray of the chest showed that the heart was enlarged with a hump-shaped shaow 
in the region of the atrial appendage. On screening the bulge was seen on the left border of the ventricle 
and showed paradoxical pulsation. The lung fields showed evidence of pulmonary cedema. The elec'‘ro- 
cardiogram showed a P-R interval of 0-28 sec. but was otherwise within normal limits. 

Necropsy. Apart from generalized congestive changes the only abnormality was found in the heart, 
which was enlarged (Fig. 7). There was an aneurysm about 5 cm. in diameter, involving the anterolat *ral 
wall of the left ventricle at the level of the atrio-ventricular septum. The aneurysm had a thin fibrous 
wall, lined by a laminated thrombus. Fibrosis of the myocardium adjacent to the aneurysm was evic nt. 
There was also an aneurysmal dilatation of a cusp of the mitral valve. A further small aneurysm was m ‘ed 
in the interventricular septum immediately below the aortic valve, and extending into the muscle of the 2p- 
tum. The muscle of the left ventricle was hypertrophied and dilated and there was also hypertrophy o/ ‘he 
muscle of the right ventricle. Fibrosis was not present in other parts of the myocardium apart from ‘iat 
noted near the site of the aneurysm. Dissection of the coronary arteries revealed a thrombus in the circ’ m- 
flex branch of the coronary artery. 

Histology. The aneurysm showed a lining of organizing blood clot. The wall was thin and consi. ed 
of fibrous tissue with areas in which deposition of blood pigment had occurred. An organized thrombu_ of 
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the circumflex branch of the left coronary artery was present. The coronary arteries showed no evidence of 
atherosclerosis. Some myocardial fibrosis was observed in a section taken near the site of the aneurysm. 

Case 4. An African man, aged 54 years. This patient is still alive and was first seen in January 1954 
when he was admitted to hospital in congestive cardiac failure, the cause of which was thought to have been 
hypertension, the blood pressure being 140/110 mm. Hg. On X-ray it was established that he had a large 
pos erior left ventricular aneurysm with calcification in its wall (Fig. 8). The electrocardiogram of that 
per od and a tracing taken four years later show evidence suggestive of an anteroseptal infarction (Fig. 9). 
There was no history of an acute episode of chest pain prior to his admission. The Wassermann reaction 
was negative. There were three further admissions, during each of which he was successfully treated for 
con zestive cardiac failure. Blood pressures recorded were never more than 140/90 mm. Hg. When 
last seen the patient was feeling fairly well, but complained of pain in the chest very suggestive of angina 
pec oris. X-ray and screening of the chest showed a large bulge on the left cardiac border with calcification 
of he wall. From its appearance and the fact that paradoxical pulsation was noted, there was little 
do bt that it represented a cardiac aneurysm. 


DISCUSSION 


Apart from myocardial infarction, syphilis is given as the most frequent cause of cardiac 
anc urysm (Aronstein and Newman, 1941; Benson et a/., 1933; Braunstein et al/., 1940; Brink and 
Ba nard, 1954; Cookson, 1929; Higginson and Keely, 1951; Morris, 1927; Sohval, 1935). Less 
oft n, it may be due to: congenital weakness of the myocardium (Bland et a/., 1933; Berlin and 
Ho lén, 1938; Burn et al., 1943; Clearkin and Bunje, 1955; Hunter and Benson, 1933); mycotic 
ancurysm (Pirani, 1943); trauma (Crawford, 1943; French, 1912; Joachim and May, 1927); 
theumatic myocarditis (Crawford, 1943; Parkinson ef al., 1938); and endarteritis of unknown 
etiology (Higginson and Keely, 1951; Macfie and Ingram, 1920). 

Jacobs (1952), investigating 15 cases of aneurysm in Africans, found that 6 were due to syphilis; 
4 were undetermined; and one each due to congenital diverticulum, tuberculosis, Loeffler’s parietal 
endocarditis, rheumatic myocarditis and mycotic aneurysm. The case reports presented in this 
paper do not follow any of these patterns of etiology. 

Cases 1 and 2 were young African women and both had ventricular aneurysms arising from a 
similar site, adjacent to the atrio-ventricular groove, but here the similarity ceases. Whereas 
Case 1 showed no evidence of a myocardial or pericardial inflammatory process, this was a striking 
feature in Case 2. The significance of the localized fibrosis in the myocardium adjacent to the 
aneurysm in Case | is difficult to assess, but might suggest that the aneurysm arose in an area weakened 
by fibrosis following on a localized infective or ischemic lesion. Case 2, apart from the chronic 
inflammatory process present in the myocardium and pericardium, also had subendocardial fibrosis 
as a notable feature. It is impossible to say what type of inflammatory process the evidence 
represents. It will be recalled that the patient complained of severe joint pains prior to the onset 
of the symptoms of cardiac failure. The possibility of rheumatic fever with pancarditis was con- 
sidered clinically and the patient treated with salicylates and steroids. There were doubts as to the 
etiology, however, mainly because the history was atypical. Had this in fact been an acute rheu- 
matic process, it would have been reasonable to expect some evidence of this to be found histologically, 
which was not the case. Moreover there was no evidence of valvulitis, but aneurysmal dilatation 
of one cusp of the mitral valve was observed. The etiology of the ventricular aneurysm in Cases 
| and 2 is therefore unknown. 

Case 3 is the only instance of ventricular aneurysm following on coronary thrombosis as yet 
described in an African. There are, however, some unusual features. First, the patient was 
only 31 years old when he died, an age at which coronary thrombosis is uncommon, even in 
white patients (Wood, 1956). Second, the site of the thrombus, the circumflex artery, is not as 
common as the anterior descending branch. Thirdly, the most remarkable feature of the case, is 
the complete absence of coronary artery atherosclerosis or other lesion that could be held respon- 
sible for the formation of athrombus. Following on the last point mentioned, there are two further 
possibilities to be considered. Due to its close proximity to the circumflex artery, the aneurysm 
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may have stretched this artery and thus induced the formation of a thrombus: if this was the c ise, 
the thrombosis was post rather than propter hoc. The second possibility is that the thrombus - /as, 
in fact, an embolus to the circumflex artery and did not occur in situ, but embolization to the coror ary 
artery is very rare, and only 45 cases have been reported (Moragues et al., 1950). It se»ms 
reasonable to suppose that in this case coronary artery thrombosis did occur and that it was the 
cause of the ventricular aneurysm. 

The fourth patient is still alive and the cause of his aneurysm is not known. The histor.’ of 
chest pain suggests attacks of myocardial ischemia, for which there is some support in the elec ro- 
cardiogram: this might, therefore, be the cause of the aneurysm. 


SUMMARY 


Ventricular aneurysm in Africans is rare. Four cases of left ventricular aneurysm in Africans 
are reported, of which the cause was shown to be coronary thrombosis in one and was unknown 
in the other three patients. 


It is a pleasure to acknowledge the help and advice of Prof. E. B. Adams, Dr. David Edington, and Dr. Grové. 
Thanks are due to Dr. Disler, Superintendant of King Edward VIII Hospital, for permission to publish this paper. 
The photographic work of Mr. Steward and Miss Killerby is greatly appreciated. 
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Tumours of the heart are not common. Benjamin (1939) reports the incidence of primary 
tunours as 0-03 per cent of 40,000 autopsies. Nearly 50 per cent of these primary tumours are 
m /xomata or myxomatous polyps. Yater (1931) (77 cases), Mahaim (1945) (82 cases) and Pritchard 
(1/51) (125 cases) have collected and reported cases and the number reported is probably still less 
than 250. Approximately 75 per cent of myxomata occur in the left atrium, while almost all the 
re nainder are found in the right atrium. Pritchard (1951) records one myxoma arising in the left 
veitricle and one from the mitral valve. Young and Hunter (1947) also report a left ventricular 
myxoma. 

During the past seven years, from 1951 to April 1958, some 600 operations for the relief of mitral 
stenosis have been performed at the Toronto General Hospital. Three cases, believed to have 
m_ tral stenosis and advised to undergo commissurotomy, were found at operation to have a myxoma 
of the left atrium. Similar errors in diagnosis have occurred at other centres (Belcher, 1958; 
Brock, 1956; Chin and Ross, 1957; Fatti and Reid, 1958; Horlick and Merriman, 1957; Likoff 
et al., 1954). In centres where angiocardiography is used extensively in investigating mitral valve 
disease, these tumours have been recognized on finding a filling defect of the left atrium (Goldberg 
et al., 1952; Steinberg et al., 1953; Marions and Odman, 1957). However, in this centre, if the clinical 
findings leave doubt as to the presence of mitral stenosis or its dominance in a mixed mitral lesion, 
left heart catheterization and dye injection studies (Gunton et al/., 1958) have been found useful and 
angiocardiography has not been used. To avoid missing our three cases some 600 angiocardiograms 
would have been necessary. Routine angiocardiography would not therefore seem a practical 
solution. 

Thus it seems important to review the reported cases to see whether it is possible to distinguish 
myxomata from mitral stenosis by means other than angiocardiography. 


MATERIAL 

Thirty-two case reports have been selected since they contain sufficient details for our 
purpose (Bahnson et al., 1957, Cases 2 and 3; Belcher, 1958; Bigelow et al., 1955; Block et al., 1932; 
Brock, 1956; Centano, 1955; Chin and Ross, 1957; Cropper and Winstanley, 1955; Evans, 1956; 
Fatti and Reid, 1958; Gerbode et al., 1958; Gleason, 1955; Goldberg et al., 1952; Harvey, 1957, 
Cases 1, 2, 3, 4, and 5; Horlick and Merriman, 1957; Kroopf and Peterson, 1957; Lekisch, 1957; 
Likoff et al., 1954; Maronde, 1955, Case 2; Martin, 1953; Orr, 1942; Shields, 1956; Steinberg et al., 
1953, Cases 1 and 3; Van Buchem and Eerland, 1957; Case records of the Massachusetts’ General 
Hospital, 1957). The following three cases have been added. 


CASE REPORTS 
Case 1. A man, aged 46, was admitted to the Toronto General Hospital in 1955. In 1946 he began 
to tire more easily. In 1952 he began to be breathless on exertion and developed symptoms and signs of 
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impaired arterial blood supply to the right leg. In 1953 he was in hospital with an afebrile illn ss, 
characterized by cough and brownish sputum. During 1954, in spite of digitalis, mercurial diuretics : 1d 
salt restriction, he became increasingly breathless, so that he could not climb stairs or walk 100 ya ds 
without stopping. Oedema, ascites and nocturnal dyspnoea with pink sputum commenced and he : as 
transferred to the Toronto General Hospital for cardiac surgery. 

There was no history suggestive of rheumatic fever. He had had a duodenal ulcer with intermitt nt 
symptoms for 20 years and at least one episode of melana and hematemesis. 

On examination, the patient was sallow, orthopneeic, and looked chronically ill. He was afebr le. 
There were signs of a small right pleural effusion. The pulse was regular at 80 a minute. There \ as 
jugular distension to the angle of the jaw with the patient at 90°. The first sound in the mitral area \ as 
loud, and a rumbling diastolic murmur with presystolic accentuation was heard. The second sound in he 
pulmonary area was also loud. The liver was enlarged and tender and there were moderate ascites < nd 
cedema of the feet. The spleen was easily felt. The skin of the right foot was colder than that of the left and 
the foot required a longer time to return to normal colour after blanching by elevation. 

On fluoroscopy there were increased broncho-vascular markings. The left cardiac border was straig.t- 
ened, There was enlargement of the left atrium in the right anterior oblique view. The left ventricle 
was not enlarged. The right ventricle was prominent. No calcium was seen in the mitral or aortic valve 
areas. The cardio-thoracic ratio was 45 per cent (m.t.d. cm.). 

Electrocardiogram. The rhythm was sinus. There was right axis deviation with depression of the S-T 
segment due to digitalis. The P waves were not abnormal. Lead V, was not suggestive of right ventricuiar 
hypertrophy. 

Laboratory Investigation. Urinalysis, normal; blood E.S.R., 18 mm./Ist hour; Hb, 59 per cent; 
R.B.C., 5,100,000 per c.mm.; W.B.C., 7000 per c.mm.; non-protein nitrogen, 45 mg. per 100 ml.; W.R., 
negative; serum proteins and albumen/globulin ratio, normal; cephalin cholesterol flocculation, negative; 
bromsulphphthalein, 11-8 per cent retention in 45 min.; fecal benzidine, repeatedly positive. 

Mitral stenosis was diagnosed and commissurotomy advised. Before operation the patient was treated 
for 37 days with a variety of diuretics, digitalis, and a low sodium diet, and the anemia was corrected, with no 
improvement in the cardiac status. 

Operation was performed under hypothermia, because of chronic heart failure. A large, soft, mushy 
tumor was found in the left atrium, arising from the inter-atrial wall, and lying on and obstructing the 
mitral valve. The valve itself was moderately stenosed, admitting the distal interphalangeal joint of the 
index finger only. It was decided to remove the tumour at a later, planned operation, and finger fracture of 
the commissure was carried out. 

Thirty-six hours after the operation the patient died suddenly. 

Autopsy. The heart was enlarged, weighing 500 g. The pericardium was thickened and adherent in 
places. The right atrium was somewhat dilated and the tricuspid valve was normal. The coronary arteries 
were normal. The left ventricle was hypertrophied to a maximal thickness of 1-8 cm. The left atrium 
was dilated. The mitral valve (which had been split) admitted two fingers. The medial cusp was spoon- 
shaped and thickened and the chorde tendinee curved upwards and backwards to their myocardial attach- 
ments. The posterior valve cusp was normal. 

A pyramidal shaped tumor with multiple polypoid prolongations (6x 54x 1:2 cm.) arose from the 
postero-medial aspect of the inter-atrial wall some 2 cm. above the mitral valve. The main tumour bulk 
projected upwards, but a prolongation protruded through the mitral orifice. The tumour had a pinkish, 
almost gelatinous, appearance. A thickened plaque (1 x0-8 cm.) was present below the left pulmon*ry 
vein, probably due to repeated friction by the tumour in systole (Fig. 1). The histology was consistent w ith 
the diagnosis of a myxoma (Fig. 2). 

The lungs were congested and a small left-sided hemothorax was present. The liver weighed 268( 
and the spleen 750 g. Both kidneys were enlarged, right and left weighing 175 and 180 g. respectiv 
The left renal artery contained tumour cells and the cortex showed ischemic changes. Further tum 
emboli were found in the right popliteal and anterior and posterior tibial arteries. 


< uc 
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Case 2 (Bigelow et al., 1955). A woman, aged 50, was admitted to the Toronto General Hospita! in 
1955. She had noticed palpitations unrelated to effort since 1936. A heart murmur was heard at t it 
time. In 1948 shortness of breath occurred while walking over rough ground, though she was able to v. 
any distance and carry parcels in town without distress. In 1952 she had several episodes of noctur 11 
dyspnoea, associated with “rattles”’ in her chest and mucoid sputum. In 1953 she had an attack of “‘pn 
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Fic. 1.—Autopsy specimen of a myxoma of the left atrium in situ (Case 1). 





FIG. 2.—Photomicrograph of myxoma (Case 1). Shows part of a papillary tumour 
formation lined by endothelial cells. There are scattered stellate and spindle- 
shaped cells in a pale eosinophilic staining matrix, which contains thin-walled 
blood vessels and small areas of hemorrhage. x 144. Hematoxylin and 
eosin. 
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monia” with cough and rusty sputum, fever, and chest pain. By 1954 there was shortness of breath on st: irs 
and the patient moved to a bungalow. Another bout of “pneumonia” with ankle cedema occurred, or 
which she was admitted to a hospital. On the second day transient aphasia occurred. She was give : a 
six weeks’ course of 6 mega units of penicillin for suspected subacute bacterial endocarditis. In 1955 anot ier 
‘chest infection” associated with cardiac failure occurred, which cleared in ten days. Shortly before d- 
mission there was an episode of dyspnoea, precipitated by window cleaning. There was no histor) to 
suggest rheumatic fever. 

On examination, the patient was afebrile and in no distress. The lungs were clinically clear. Tt :re 
was atrial fibrillation with an apical rate of 80/min. The blood pressure was 140/90 mm. Hg. The { rst 
sound in the mitral area was loud and followed by a soft, blowing systolic murmur. A faint but defi ite 
diastolic murmur was heard. The second sound in the pulmonary area was loud and split. The liver \ as 
not enlarged and the spleen impalpable. There was no ankle cedema. 

On fluoroscopy there was straightening of the left cardiac border. The left atrium was moderately 
enlarged. The right ventricle was prominent in the right anterior oblique view. The left ventricle was not 
enlarged. No calcium was seen in the mitral or aortic valve areas. The cardio-thoracic ratio was 
13-9 cm./23-9 cm. (59%). 

Electrocardiogram. There was atrial fibrillation, with depression of the S-T segments due to digitaiis, 
and right axis deviation. Lead V1 was not suggestive of right ventricular hypertrophy. 

Laboratory Investigations. Urinalysis, normal; Blood: E.S.R., 79 mm./ist hour; Hb, 75 per cent; 
R.B.C., 3,800,000/c.mm.; W.B.C., 6400/c.mm.; W.R., negative; blood cultures, sterile. 

Mitral stenosis was diagnosed and commissurotomy advised. Therapy was continued with digitalis 
and a low sodium diet commenced. For three weeks prior to operation the E.S.R. remained between 52 
and 79 mm./Ist hour, with normal white cell counts and sterile blood cultures. She was afebrile throughout 
this period. 

At operation on 28/4/55, under general anesthesia, a normal mitral valve, with a firm, round tumour 
arising from the inter-atrial wall, was found. The patient was cooled to 31° C. by pouring cold saline into 
the open chest, the chest wall incision was extended trans-sternally, and the tumour removed in three pieces 
through the incision in the atrial appendage, which had been extended into the atrium. Post-operatively 
the cardiogram showed normal rhythm, but by the sixth day despite quinidine, atrial fibrillation recurred. 
Recovery was uneventful and she was discharged on the 23rd post-operative day, in sinus rhythm. 

Follow-up. She was well until November, 1956, when a cholecystectomy was performed for gallstones. 
Quinidine was discontinued eight months after operation. Towards July, 1957, there was decreasing exercise 
tolerance with episodes of oppressive sensations in the chest and in August there occurred an episode of 
cardiac arrhythmia, which reverted to sinus rhythm. Serial cardiograms showed myocardial infarction. In 
February, 1958, a carcinoma of the uterus was irradiated with radium, followed by pan-hysterectomy. 

She was reassessed at the Toronto General Hospital in June because a systolic murmur had appeared 
after the myocardial infarct. Possible recurrence of the tumour was considered. Right heart catheteriza- 
tion showed a pulmonary “‘wedge”’ and artery pressure at the upper limit of normal. Angiocardiography 
showed no filling defect in the left atrium. The phonocardiogram showed an early, short, decrescendo 
systolic murmur at the apex, heard best in the erect and less well in the left lateral and supine positions. 
The electrocardiogram showed sinus rhythm. The P wave was biphasic in VI. There were T wave chanzes 
in keeping with an old myocardial infarct. 

Pathology. The tumour weighed 75 g. and measured 8 x 5x 3-5cm. It was coarsely lobulated and he 'rt- 
shaped. One half was firm, with a pale, brownish-yellow to greyish-white colour, while the other was rag:ed 
in parts and smooth in others and extremely friable (Fig. 3). 

The histological examination was consistent with the diagnosis of a myxoma (Fig. 4). 


Case 3. A woman, aged 57, was admitted to the Toronto General Hospital on in 1958. Six mor hs 
prior to this she had developed an influenza-like illness lasting two weeks, diagnosed as ‘‘pneumon 
and treated with penicillin. Following this she developed left infra-clavicular pain and shortness of bre ‘th 
on exertion. The shortness of breath increased and attacks of nocturnal dyspncea commenced. TI se 
symptoms were not controlled on digitalis and oral diuretics. There was no history suggestive of rheum ‘ic 
fever. 

On examination the patient was afebrile, but orthopneeic and showed a malar flush. The jugi ar 
veins were distended. The pulse was regular, 110/min., and the blood pressure 110/65 mm. Hg. Thea ex 
beat was palpable one cm. outside the mid-clavicular line. The first sound in the mitral area was loud : 1d 
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Fic. 3.—Surgical specimen of a myxoma of the left atrium (Case 2). 





Fic. 4.—Photomicrograph of myxoma (Case 2). Shows many moderately sized 
vacuolated areas in a relatively acellular eosinophilic staining matrix. There 
are occasional spindle-shaped cells. A thin-walled capillary blood vessel may 


be seen in the lower right hand corner. 


x 144. Hematoxylin and eosin. 
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preceded by a presystolic and followed by a moderately loud, high-pitched pan-systolic murmur. The! ‘ter 
was more easily audible inside the position of the apex beat. The liver was enlarged three fingers’ bre: ‘ths 
below the costal margin. There was minimal ankle cedema. 

On fluoroscopy the cardiac silhouette was enlarged with straightening of the left cardiac border. [he 
left atrium was moderately enlarged. The right atrium and the ventricles were normal. No calciun_ vas 
seen in the mitral or aortic valve areas. The cardio-thoracic ratio was 14-6 cm./23-3 cm. (63%). 

Electrocardiogram. Sinus rhythm with occasional extrasystoles. The P waves were widened. 1 iere 
was depression of the S-T segments due to digitalis. Right axis deviation was present. Lead V, wa not 
suggestive of right ventricular hypertrophy. 

Laboratory Investigations. Urinalysis, normal; Blood: E.S.R., 17 mm./Ist hour; Hb, 77 per < :nt; 
R.B.C., 4,600,000/c.mm.; W.B.C., 8000/c.mm; non-protein nitrogen, 29 mg. per 100 ml.; protein bc ind 
iodine, 5-0 micrograms per 100 ml. 

Right heart catheterization showed a ‘“‘wedge”’ pressure of 25 mm. Hg, pulmonary artery pre: ure 
of 87-92/32-37 mm. Hg, right ventricular pressure of 85—90/0 mm. Hg and mean right atrial pressu: : of 
7mm. Hg. There was no gradient across pulmonary or tricuspid valves. There was no evidence ¢ an 
intracardiac shunt. The cardiac output by the direct Fick principle was 2-34 litres/min. |The pulmo.iary 
vascular resistance was 1060 dynes/sec./cm.~5. 

Mitral stenosis was diagnosed and commissurotomy advised. During the three weeks prior to operaiion 
the patient was placed on a low sodium diet, digitalis, mercurial diuretics, and aminophyllin. 

Operation on 25/2/58, under general anesthesia, showed a normal mitral valve and a tumour mass arising 
from the interatrial wall. The operation was discontinued. Following this rapid atrial fibrillation 
commenced but was converted to sinus rhythm six days later. On 2/4/58 removal of the tumour was carried 
out under hypothermia with cardiac arrest for 74 minutes. The post-operative course was uneventful. 

At a recent out-patient attendance the patient was well and relieved of her cardiac symptoms. 

Pathology. The fragments of tumour tissue weighed 28 g. The outer surface was smooth and hemor- 
rhagic. The cut surface had a variegated red and glassy appearance (Fig. 5). The histology was consistent 
with the diagnosis of a myxoma (Fig. 6). 





Fic. 5.—Surgical specimen of a myxoma of the left atrium (Case 3). 
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Fic. 6.—Photomicrograph of myxoma (Case 3). Shows a homogeneous 
eosinophilic staining ground substance containing numerous round and 
spindle-shaped cells. There is a large thin-walled blood vessel containing 
numerous red cells. Some red cells may be seen scattered in the ground 
substance adjacent to the blood vessel. x 144. Hzmatoxylin and eosin. 


RESULTS 





The age and sex distribution are shown in Table I. Approximately six out of seven cases occurred 


between the ages of 30 and 59 and nearly three-quarters of the cases were female. 


This does not 


help to distinguish myxoma from mitral stenosis. A case has been reported at three months of 


age (Pritchard, 1951), but this has not been included in our selection. 


TABLE I 
AGE AND SEX DISTRIBUTION OF 35 CASES OF LEFT ATRIAL MYXOMA 





Years | Years | “Years Years | Years | Years 














Years 
09 | 1019 | 2029 30-39 40-49 | 50-59 | 60 and up 
Male | 2 | ft .3 Ss oe ee 1 0 
Female 26 | I 1 i Te SS Se oe ee 1 
1 


Total 35 | 3 oe. ee eS. a oe 





Patients with a history of rheumatic fever have been found to have a myxoma (Belcher, 1958) 
and a myxoma and mitral stenosis have been found in the same patient (Marians and Odman, 1957; 
Case 1 of this communication). Only about 55-60 per cent of our patients with mitral stenosis 
have a history of rheumatic fever and a similar figure is quoted by Wood (1956). Thus the presence 


or absence of a history of rheumatic fever does not help to distinguish myxoma from mitral stenosis. 
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The duration of cardiac symptoms could not be determined from the reports in four ca 2s, 
In 14 of the 31 cases that underwent cardiac surgery the duration of symptoms before operat on 
was three years or less in 10 and four years or more in 4 cases, and in one of these this period «as 
20 years. Of the 17 cases not subjected to surgery 14 lived only one year after onset of symptc ns 
and only two lived four or more years. Thus, once symptoms commenced the patients did ot 
live very long and remission of symptoms was unusual. 

In mitral stenosis, on the other hand, 50 per cent of badly disabled patients will live five yc .rs 
(Wilson and Greenwood, 1954; Oleson, 1955; Robb and Marks, 1953). Wood (1956) and Ole on 
(1955) state that symptoms exist for seven to fifteen years before total incapacity. 


TABLE II 


MANIFESTATIONS IN 35 CASES OF LEFT ATRIAL MYXOMA 


Shortness of breath . ani a a a ais es - Be <n 
Right-sided heart failure .. ea te we x ae, 
Pulmonary cedema or acme nocturnal dyspnora - — ee .s ~—. -F 
Systemic emboli a2 - et re * a ea a 
Sudden death oe a = o- ee a es es an a 
Hemoptysis .. 5% a oe va ee ae ae es “e a 
Atrial fibrillation .. 6 ae a a fa te aS a @ 
Syncope “e ¥% es “ es es — & 
Paroxysmal ventricular tachycardia 1 


There are no manifestations of mitral stenosis except paralysis of the left recurrent laryngeal 
nerve (Ortner’s syndrome) that do not occur with myxomata. However, syncope is hardly ever 
encountered in mitral stenosis but this occurred in only 4 cases in this series of 35 myxomata. It 
was related to a change of posture in the case described by Van Buchem and Eerland (1957), but 
not in the other three. The case described by Shields (1956) had one attack only, while those 
of Bahnson et al. (1957) and Von Reis (1949) each had several attacks. Either the obstruction of 
the mitral orifice, or perhaps of the pulmonary veins, explains this phenomenon. Syncope, when 
present, is of diagnostic help. 

Systemic emboli occurred in nearly one-third of the cases. At autopsy tumour emboli were found. 
Nearly half the emboli were cerebral. In three cases (Gleason, 1955; Harvey, 1957: Cases 3 and 5), 
myocardial emboli were found. The diagnosis could presumably be made from histological section 
if embolectomy were carried out. Sudden death occurred in six cases and was due to either 
impaction of the tumours in the mitral orifice or sudden irreversible ventricular fibrillation. 

Cardiac arrhythmias are uncommon, sinus rhythm being usual. This may be because the tumour 
remains confined to the endocardium and does not infiltrate the myocardium. 

Thirty-four cases showed progressive deterioration in their symptoms. One (Gerbode e7 “/., 
1958) had an asymptomatic period of 21 months’ duration between the first and final attacks 
of congestive heart failure. Apart from syncope no intermittence was evident. In fact, prog~es- 
sion, despite adequate treatment for failure, was commonly found. 

Cardiac Sounds. These were commented on in 27 cases. A loud mitral first and pulmor ‘ry 
second sound was heard in 21, while in a further three the pulmonary second sound only ° ’as 
loud. Thus, auscultation suggested a raised pulmonary arterial pressure in 24, and in 8 of thes. it 
was confirmed by right heart catheterization. 

An opening snap was heard in two cases (Chin and Ross, 1957; Horlick and Merriman, 1957). [In 
both the mitral valve was normal at operation. A doubtful opening snap was reported in ‘ vo 
others. 

Cardiac Murmurs. Heart murmurs in patients with myxomata have been said to vary with cha’ ge 
in position and from day to day. The diastolic murmur in tight mitral stenosis may be abs 1t 
or difficult to hear or may be heard only from time to time. It may come and go with change: .n 
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cardiac function, or it may be heard only after exercise and with the patient lying on his left side. 
The apical systolic murmur in mitral stenosis is also variable. 

Details of heart murmurs were available in 34 of the 35 cases and are shown in Table III. In 
none of these 34 were there other than mitral murmurs reported. Twenty-five patients had 
cor stant diastolic murmurs. Three others had no murmurs (Van Buchem and Eerland, 1957; 
Sh 2lds, 1956; Lekisch, 1957). 


TABLE III 
MITRAL MuRMURS IN 34 Cases OF LEFT ATRIAL MYXOMA 


| | 


























Diastolic Systolic | Number 
Constant | — 6 
Constant Constant 17 
Constant Inconstant y 3 
Inconstant | — | 1 
Inconstant | Inconstant | 1 

—— Constant | 4 








No murmur | No murmur 3 





Blood Pressure. This was reported on in 23 patients and in 18 of these it was under 140/90 mm. 
Hg. It is of no diagnostic help. 

Fluoroscopy. Fluoroscopy or X-ray findings are mentioned in only 16 cases. In these there 
was minimal to moderate left atrial enlargement. Some right ventricular enlargement was present 
in nine of them. A further five were reported to have enlargement of the pulmonary conus 
or straightening of the left cardiac border, suggestive of a mitral configuration. 

Electrocardiogram. The electrocardiogram was described in 16 cases. In 12 right axis devia- 
tion was present and a further 3 were said to show right ventricular hypertrophy. In all of 15 
cases the P waves were described as prominent, broad, or abnormal. Left axis deviation was seen 
in one case with a blood pressure of 150/90 mm. Hg. 

Right Heart Catheterization. This was carried out in eight cases. Six showed pulmonary 
hypertension with a systolic pressure in the pulmonary artery greater than 70 mm. Hg. The pul- 
monary “‘wedge” pressure was raised when measured. Thus the findings are again the same as 
those of mitral obstruction. Details are shown in Table IV. 

Angiocardiography. Angiocardiography was performed in five cases and in each case a filling 
defect of the left atrium was demonstrated. In one of our recent cases of mitral stenosis, clinically 
suspected of having a myxoma, angiocardiography, injecting 30 per cent hypaque through a 
Bjérk needle into the left atrium, showed a filling defect interpreted as a myxoma. Thus, pictures 
taken after injection of dye directly into the left atrium were misleading in this case. 

Blood Cultures. Blood cultures were taken in 10 cases and were negative. It is not clear from 
the text whether these were taken because subacute bacterial endocarditis was suspected, or to ex- 
clude this complication. 

Mode of Death in Cases not Subjected to Operation. There were 19 cases that were not operated 
on. Sudden death occurred in five of these and was probably due to impaction of the tumour in 
the mitral valve. However, ventricular fibrillation cannot be excluded. Fourteen cases died in 
congestive heart failure. 

Surgical Treatment. An increasing number of reports of successful removal of myomata have 
appeared in recent years. Using the extra-corporeal circulation, Crafoord (1955) reported the first 














ALDRIDGE AND GREENWOOD 


TABLE IV 
DETAILS OF RIGHT HEART CATHETERIZATION IN 8 LEFT ATRIAL MYXOMATA 





} Pressures in mm. Hg 









































| 
| 
Case Other data 
| Wedge | Pulmonary| Right | Right | 
| artery | ventricle | atrium | 
Bahnson et al., 1957,Case2 «| — | 91/34 — | 16/8 | Cardiac index 2-8 7 
Brock, 1956 | | ; 3 
At rest * - ae ico. (sa | = | — | Cardiac output 4-9 I/min. 
After rigor i ad om 31. =| 107/43 _ ; o— Cardiac output 2-9 I/min. 
Van Buchem and Eerland, 1957 | 40 | 120/50 | 1200 | 7 | — € 
Harrison et al., 1954.. Be oe | 26 | 91/41 | 88/9 7 4 a=) 
Likoff er al., 1954 | | | | 
ota aa Sarl gg — | ee 80/60 | 6/2 | _ 
After exercise - ae 2 | 81/39 — ‘ier | — 
Steinberg et al., 1953, Case 1 “a Raised | Raised | — -— | Cardiac output low id 
ns . Case 2 Se — | — | — | Suggestive of mitral obstruction 
| | but unlike right heart disease 
This report, Case 3 .. re o< - “ae | 81-92 85-90 | Mean | Cardiac output 2-34 I/min. Fe 
37 «|| 0 7 | Pulm. vasc. resistance 1060 


| |  dynes/sec/cm.~5 





successful case at the International Symposium on Cardiovascular Surgery. Later that same year 
Bigelow et al. (1955) reported a second (Case 2 of this report) at the 16th Congress of the Inter- 
national Society of Surgery, using hypothermia. Since these reports, other centres have reported 
successful cases using one of these two methods (Bahnson et al., 1957; Belcher, 1958; Chin and 
Ross, 1957; Marions and Odman, 1957; Scannell et al., 1956). Even with the use of these methods, 
there is some mortality (Bahnson ef al., 1957; Brock, 1956; Van Buchem and Eerland 1957). 
Attempted removal under general anesthesia has almost always proved fatal (Bahnson et al., 1957; 
Goldberg et al., 1952; Likoff et al., 1954). Recently Fatti and Reid (1958) reported a case in which 
at operation for mitral stenosis a myxoma of the left atrium was encountered and successfully 
removed under general anesthesia. 

If a myxoma is found at operation for mitral stenosis, it seems unwise to attempt removal under 
general anesthesia. Hypothermia, modified hypothermia (Case 2 of this report), or the exira- 
corporeal circulation should be used. This may mean postponing removal, and the surgeon’s deci- 
sion when faced with this situation must depend upon the facilities available. In Case 2 of this 
report modified hypothermia was commenced and removal carried out at once, while in Cas: 3 
removal was postponed and then carried out under hypothermia. The majority of myxomata ire 
friable and fragment with ease (Bahnson et a/., Case 2, 1957). Excessive manipulation should be 
avoided. Brewin (1951) described a case in which the tumour detached spontaneously and impac ed 
in the lower abdominal aorta. 

Case 1 of this report illustrates the inadvisability of relieving any associated mitral stenc sis 
without first removing the tumour. Here the tumour impacted in the mitral valve 36 hours ai er 
mitral commissurotomy. 

The Mitral Valve. Information on this was available in 24 out of 35 cases in this series. Det ils 
were obtained at autopsy or operation. One showed moderate mitral stenosis (Case 1 in t is 
report). In 21 cases the mitral valve was normal. In two there was some doubt: one v 4s 
apparently normal at operation but was incompletely palpated and the other had slight thicken: 1g 
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and shortening of the chordee tendinee. However, neither of these had any significant degree 
of stenosis. 


AETIOLOGY AND PATHOLOGY 


There are two prevalent views on the origin of these tumours: first, that they are a true myxoma- 
tois neoplasm; second, that they are composed of organizing thrombus undergoing myxomatous 
deeneration. The site of origin appears to be almost consistently confined to the region of the fossa 
ov lis, whether the tumour arises in the left or right atrium. According to Ribbert (1924) these 
m: xomata arise from persisting embryonic cell rests. This appears to be the opinion held by most 
au hors. Thorel (1915) after studying the papers on this subject, came to the conclusion that the 
de cription of the pathology allowed a diagnosis of organizing thrombus undergoing myxomatous 
de eneration to be made. Arguments against this view are well set out by Yater (1931). Briefly, 
bc h the site of origin, as well as the structure of these tumours, differ from the picture of organizing 
th ombus. Myxomata are found almost exclusively in the left and right atria, while thrombi occur 
wi h equal frequency in atria and ventricles (Ribbert, 1924). As a rule, the heart shows no signs of 
tré uma or endocarditis in myxomata. A thrombus in other locations tends to retract and become 
efiiced. On section a thrombus shows stratification and organization from the periphery inwards. 

Eighty per cent of myxomata are polypoid or occasionally villous. The remaining 20 per cent 
ar globular. They are reddish to yellowish-grey in colour, semi-gelatinous and arise from a pedicle 
at -he rim of the fossa ovalis. They may be firm, but are more often soft and extremely friable and 
tu aour emboli are common. Following detachment of tumour and pedicle from the atrial wall, 
hardly any visible site of attachment may remain. 

The histology shows a characteristic substrate of mucoid-staining material, which contains 
round or stellate cells and varying amounts of connective tissue. There may be some elastic fibres 
present. Numerous capillary or larger blood vessels are found scattered throughout. Hemor- 
rhages, as well as deposits of hemosiderosis, are found. Occasionally marrow, bone and even 
calcification has been described. The tumour is covered by endothelium. It does not involve the 
myocardium. 


DISCUSSION * 


Small myxomatas, which have been asymptomatic, may be found at autopsy. Symptoms 
do not appear until the myxoma is of such a size as effectively to obstruct the bloodflow. Emboliza- 
tion could be an exception to this. As the tumour grows the cavity of the left atrium is increasingly 
filled. «Giant left atria, as sometimes occur in mitral valve disease, are not seen in myxomatas.) 
Perhaps rheumatic disease of the atrial wall is necessary to give rise to a giant left atrium. The lack 
of atrial disease probably also explains the lower incidence of atrial fibrillation. It seems 
unfortunate that the left atrium does not enlarge much, because this might allow blood to flow 
past the obstructing tumour. 

Both myxoma and mitral stenosis obstruct the flow of blood from the lungs to the left ventricle. 
The symptoms and signs produced by them are usually indistinguishable. 

Myxomatas are not usually associated with atrial fibrillation. Most patients with myxoma show 
a downhill course, which is more rapid and unremitting than in mitral stenosis. Syncope caused by 
mitral stenosis is extremely rare, but about one in ten patients with myxoma has syncope; and when 
syncope occurs with the symptoms and signs of mitral obstruction, this should suggest a tumour. 
Emboli are common in both myxoma or mitral stenosis. If an embolectomy is performed and the 
embolus examined under the microscope the diagnosis could presumably be made. It seems im- 
practical to do routine angiocardiography on all patients with mitral obstruction. In patients with 
syncope or with a rapid and unremitting downhill course, angiocardiography, injecting dye from 
the right ventricle or pulmonary artery, should be performed. 
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SUMMARY 


Three cases thought to have mitral stenosis were found at operation to have a myxoma of he 
left atrium. The reports on myxoma of the heart have been extensively reviewed and 32 cases with 
sufficient clinical details have been selected in addition to these three cases, in order to determ ne 
whether it is possible to distinguish between these two conditions by clinical means. 

Thus the clinical manifestations in a total of 35 cases have been analysed, as were the eleci ‘o- 
cardiographic and fluoroscopic findings and right heart catheterization results, where these w >re 
available. The operative results and the pathology are briefly discussed. From the analysis i is 
concluded that differentiation between left atrial myxoma and mitral stenosis is usually impossii le. 
However, when signs of mitral valve obstruction present with a rapid, unremitting downhill course 
or with syncope, an angiocardiogram should be performed to exclude a myxoma. 
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“urrent estimations of oxygen saturation often depend on the measurement of light absorption 
at ' vo different wavelengths, one being isospectic to hemoglobin and oxyhemoglobin, while at 
the other wavelength there should be a maximal disparity in the light absorption of the two pigments. 


Th. formula, 
E. Hb Ee. test 
(=) -() 


B, Hb E. oxy 
(e) - (e) 
where E=density on a logarithmic scale and a=any wavelength other than an isospectic b, assumes 
the theoretical constancy of previously determined absorption ratios for hemoglobin and oxyhemo- 
globin. But King and Wootton (1956) state that these ratios always require checking, even when 
using the same apparatus from day to day. 

The reliability of spectrophotometric methods has been compared with the classical gasometric 
ones by Wade et al. (1953), and Molyneux and Pask (1955). Holling et al. (1955) conclude that their 
spectrophotometric method is as accurate as Van Slyke’s for all practical purposes. 

To justify spectrophotometric methods is therefore no longer necessary. What is needed is the 
elimination of the errors referred to by King and Wootton, and a simplification of the technique of 
blood collection and storage without compromising the ideals enunciated by van Slyke (1932). 
These are the objects of this paper. 

The denominators in the four ratios of the above formula should be identical in practice, and it 
may therefore be rewritten— 


x 100 





Percentage saturation = 


(E,)#> ~— (E,)test 
(E,)#> — (E,)°" 

Measurement can thus be confined to the wavelength a, as was foreshadowed by Kramer (1933) 
and Lemberg and Legge (1949). 





Percentage saturation = 100 


APPARATUS 

The Unicam S.P.500 spectrophotometer was used throughout. Square 4-ml. cuvettes provided 
with it and filled with distilled water were used as standards. 

Twenty flat-bottomed test tubes of approximately 14 ml. capacity and 8 mm. internal diameter 
were constricted by means of a spot flame about 8 mm. from their mouths (Fig. 1); this constriction 
was designed to support a plug of wax, which in turn would support a mercury seal. The tubes 
are kept on a perspex tray drilled with holes of just the right size to receive them. To fit the tubes 
into the spectrophotometer detent a special adaptor was made that allowed the light beam to 
enter the test tube 0-5 cm. from the bottom. The beam, | cm. high, was just short of the tube’s 

* The content of this paper was used in part-fulfilment of the requirements for an M.S. thesis in the University 


of London. The work was carried out during the tenure of a lectureship in applied physiology at the Royal 
College of Surgeons. 
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202 F. E. WEALE 
shoulder. The level of the beam’s entry into the tubes was checked by wrapping slow autoposi ‘ve 
paper around them and exposing this in situ. Such centrifuged deposit as might collect at the bott +m 
was shown to have ample room without causing obstruction to the beam. An additional s: fe- 
guard against optical errors was the placing of a screen, 1 mm. high, in front of the tube’s seating, : 1d 
also the coating of the inside of the adaptor with a non-reflecting black paint. Blood samr e 
were collected in oxalated clean all-glass tuberculin syringes. 


- 
f 


Light beam 
trajectory (end on) 








; 
| 





Mark on glass for 
“—~ “~~ optical positioning 





Fic. 1.—Cross-section of test-tube (enlarged). 
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METHOD 


All tubes are freshly boiled for at least 15 minutes in a beaker of distilled water. Freed from all 
bubbles but full of water, they are individually extracted with a pair of long forceps. A Pasteur 
pipette sucks out the water down to the tube constriction, and immediately four drops of molten 
wax (M.P. 50° C.) are dropped on to the remaining water. The tube is rapidly cooled in a bath 
of ice. The resulting contraction of the water draws the wax down, and another drop or two of 
wax have to be added to fill in the hollow. When the wax has solidified, mercury is added to fill 
the remaining cup-shaped space at the top (Fig. 1). When all tubes are ready they are stored ina 
refrigerator until required. 

The dead space in the tuberculin syringes is filled with mercury and hub caps are applie«! to 
prevent it from falling out. When blood is to be collected through a needle, its dead space is 
cleared by allowing a small hemorrhage through it, thus filling it with fresh blood. The syringe 
is now attached and the plunger withdrawn to the 0-15 ml. mark. 

The mercury from a sample tube is poured away, a hollow-needle gas jet melts the wax plug, 2nd 
a tuberculin needle is attached to the sample syringe. Holding the syringe with the hub dwn 
so that the mercury blocks its opening, the blood in the hub is discarded. When mercury app: irs 
at the tip of the needle, this is plunged through the molten wax and all contents are rapidly expe’ 2d. 
On withdrawal of the syringe, an equivalent volume of water is sucked from the top of the tub so 
that the wax plug once again solidifies on the tube constriction. Mercury is added as before : 1d, 
with a finger over its mouth, the tube is quickly inverted to ensure mixing and hemolysis. is 
then replaced in the refrigerator to arrest such oxygen-utilizing metabolism as might stil! be 
proceeding. 

When all specimens have been collected, they are again shaken to ensure full mixing, and he 
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mescury is temporarily poured away while the tubes are centrifuged. They are then ready for 
reading in the special holder. Using a wavelength of 6650 A, the point of minimum light absorption 
is found by moving the detent to and fro. When all test readings have been obtained, the wax plugs 
are scooped out and approximately 0-005 ml. of 4 N ammonia is added to each tube from a 
tub rculin syringe. Oxygen is bubbled through each tube for a minute, and after centrifugation 
oxy iemoglobin readings are taken. Finally 0-02 ml. of a saturated watery solution of sodium 
dit’ onite is added to each tube and the reduced hemoglobin values read after centrifuging. 
Internal’’ checking showed this method to be quite as sensitive as other methods. It has been 


use routinely on rat blood. 


rar) 


DISCUSSION 


s van Slyke (1932) has pointed out, anything less than a mercury seal for the protection of blood 
aga 1st ambient oxygen contamination is unacceptable. His and other methods of mercury sealing 
do ot surmount the two disadvantages of complicated apparatus for blood collection and ending 
up ith an inverted tube suspended over a mercury well, access to and from which requires some 
deg ce of instrumental acrobatics. The glass constriction that holds the wedge of wax which in 
tur supports the mercury combines the advantages of a mercury seal and easy handling. 

‘he extraction of oxygen from all reagents and apparatus assumes great importance in micro- 
esti nations. For this reason the tubes are boiled with the water, and potential oxygen carriers 
suc 1 aS saponin and bicarbonate are avoided. Saponin indeed may act as deoxygenator (Catton, 
195 /) and is therefore unsuitable as a hemolysing agent. Quite apart from the danger of chemical 
altc ation due to it, boiling in order to rid bicarbonate or heparin of their oxygen will variably alter 
the.» concentrations; the changing milieu of successive samples will make comparisons more difficult. 
The boiling of distilled water carries no such disadvantage, and hemolysis is still adequate. 

Other difficulties arise from artifacts inflicted upon the dissociation curve of blood. The tradi- 
tional addition of alkali avoids turbidity, but it displaces the dissociation curve, particularly of 
reduced blood, to the left. This will be most noticeable in the “‘waist”’ of the curve; the “head” 
and “‘tail’’ are affected much less, and therefore in this method alkali is added only after the first 
reading has been obtained. 

it is an unfortunate property of hemoglobin that dilution beyond a certain point converts the 
sigmoid dissociation curve into a right-angled hyperbola. Experiments with varying dilutions 
carried out in order to eliminate this cause of falsely high saturation readings showed that dilutions 
of blood greater than one in ten should be avoided. Wade et al. (1953) did not go to higher dilu- 
tions; those of one in a hundred used by Hall (1934) on sheep’s blood, as well as introducing this 
error, might also lead to euglobulin precipitation. If one aims at dilutions higher than one in ten, 
the addition of the heat-labile substances that normally diminish oxygen avidity of hemoglobin 
within the erythrocyte (Lemberg and Legge, 1949) might provide the key. 


SUMMARY 


A spectrophotometric method for the measurement of hemoglobin oxygen saturation is 
presented. 

Measurements at one wavelength only avoid errors due to changing absorption ratios. 

Measurement carried out in one and the same vessel throughout eliminates the need for accurate 
optical matching and accurate volumetric control of test solutions. 

A new kind of mercury seal for the preservation of blood samples is described. 


My thanks are due to Dr. Cyril Long for much help. 
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Since the original description of ventricular septal defect by Roger in 1879, the clinical and 
pa hological concepts of this malformation have undergone a striking metamorphosis. Originally 
co .sidered a benign lesion except for the threat of bacterial endocarditis, it is now considered a 
se: ous malformation with a relatively poor prognosis (Selzer, 1949; Downing and Goldberg, 1956; 
Br otmacher and Campbell, 1958) except for small defects with insignificant shunts. The classifica- 
tica of Taussig (1947) into high defects associated with symptoms and low defects with classical 
sigas and few or no symptoms has been challenged (Selzer, 1949). Most defects are located in the 
membranous septum but the most important factors are the size of the defect and the pulmonary 
vascular resistance (Selzer, 1949; Wood et al., 1954; Mannheimer et a/., 1957). Thus, the develop- 
ment of pulmonary hypertension with cyanosis, hemoptysis, and death has been reported even with 
large muscular defects (Heath et al., 1956). 

With moderate and large sized defects a common denominator at post-mortem examination 
is the existence of combined ventricular hypertrophy, since both ventricles are overburdened. 
However, one can only infrequently diagnose combined ventricular hypertrophy by the electro- 
cardiogram. Some of the existing criteria for this diagnosis do not apply to children (Pagnoni and 
Goodwin, 1952; Rosenman et al., 1950). There are no established vectorcardiographic criteria 
for the presence of combined ventricular hypertrophy. Whipple and Levine (1955) reported the 
vectorcardiograms in eight patients with rheumatic heart disease who had combined hypertrophy 
post mortem. Wolff et al. (1953), in a review of vectorcardiography briefly mentions the vector- 
cardiogram in congenital heart disease with combined ventricular hypertrophy. Cabrera et al. 
(1958) has described several vectorcardiographic patterns observed in patients with ventricular 
septal defect. 

Thirty-five proven cases of ventricular septal defect have been reviewed (six with post-mortem 
examination) with a dual purpose in mind: (1) to attempt to correlate the heterogeneous electro- 
cardiograms of this malformation with pressures or the presence of associated lesions such as aortic 
regurgitation and pulmonary stenosis, and (2) to attempt to correlate the various vectorcardiographic 
patterns observed with the same data and possibly to establish vectorcardiographic criteria for 
combined ventricular hypertrophy in congenital heart disease. 


METHODS AND MATERIAL 
Thirty-five patients were seen in the congenital heart clinic and wards of The Mount 
Sinai Hospital in the period between 1953-1958. Selection was made on the basis of a complete 
*John Simon Guggenheim Memorial Foundation’s Fellow. 
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history, physical examination, X-rays, electrocardiogram, vectorcardiogram, and right he rt 
catheterization. 

Thirty-two patients were submitted to cardiac catheterization and all but three had over a cae 
volume percentage O, step up at the right ventricular level. These three were included beca: se 
the rest of the data was considered diagnostic of ventricular septal defect. 

There were six patients in whom post-mortem examination was performed. Three of these (ll 
less than one year old) did not have cardiac catheterization. 

The age of the patients was between 4 months and 30 years (Table I). There were 13 male aid 
22 female patients in the series. 


TABLE I 


VENTRICULAR SEPTAL DEFECT 
Age Distribution 








Age group (years) | Cases 
| 


Less than 1 

1-4 

5-9 

10-14 

15-19 mn eo 
Greater than 20 ns ia "I 


lwaSoae 


w 
va 





The electrocardiograms were obtained with the direct-writing three-channel Technicon or 
Sanborn Viso-cardiette. Double paper speed (50 mm./sec.) was used in many instances. The 
vectorcardiograms were obtained with the Sanborn Viso-scope and Vector system or the Technicon 
Vectorscope, using the cube method of electrode placement (Grishman and Scherlis, 1952). 

The electrocardiographic diagnosis of right ventricular hypertrophy was based on the criteria 
established by Sokolow and Lyon (1949), Goodwin (1952), and Milnor (1957). Right ventricular 
hypertrophy in the presence of right bundle-branch block was diagnosed if the electrocardiogram 
conformed to the criteria of Wilson et a/. (1954) and Barker and Valencia (1949). Left ventricular 
hypertrophy was considered to be present if the criteria of Sokolow and Lyon (1949) or Pagnoni and 
Goodwin (1952) were fulfilled. The criteria of Rosenman et al. (1950) or Pagnoni and Goodwin 
(1952) were applied for the diagnosis of combined ventricular hypertrophy. Ziegler’s tables (1951) 
were also used for the analysis of the normal R waves and R/S ratios in the precordial leads. 

The horizontal, sagittal, and frontal planes of the vectorcardiograms were analysed for spatial 
orientation, configuration, and direction of inscription of the QRSsE and TsE loops. 


CLASSIFICATION 


From the clinical, hemodynamic, and electrophysiological data it was evident that there was ro 
uniformity in these patients, and in fact there was great diversity in the findings that they exhibite |. 
The series has been divided and we shall consider separately associated lesions that place ¢n 
additional burden on the right ventricle (infundibular pulmonary stenosis), or left ventricle (aort ¢ 
regurgitation) in order to assess the possible effects of these lesions on the electrocardiogram ar 1 
vectorcardiogram. The patients with pure ventricular septal defects were considered to be mil ;, 
moderate, or severe according to the concepts of Wood et al. (1954) which are based on heart siz °, 
pressures, size of the shunt, and the electrocardiogram. 

Pure Ventricular Septal Defect (27 cases). All of these patients were considered to be examp! s 
of isolated ventricular septal defect with normal aortic root, in which the clinical, hemodynam > 
and post-mortem studies (3 cases) showed no evidence of associated malformations. We ha: > 
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considered cases to be mild if the X-rays and electrocardiogram and the pressures in the right 
ventricle and pulmonary artery were within normal limits (11 cases). Cases were considered to be 
mo lerate or severe when there was evidence of cardiac enlargement, electrocardiographic evidence 
of ypertrophy of the right or left ventricle, and/or high pressures in the right ventricle and 
pulmonary artery (16 cases). The moderate and severe cases are grouped together for discussion 
purmoses, as it was difficult to separate them on the basis of the information available. For 
exemple, patients who had very large hearts or were symptomatic were considered to have mod- 
era‘e forms of the disease despite right ventricular and pulmonary artery pressures that were 
wit in normal limits. Patients who died in infancy were considered to have severe forms of 
the lisease (3 cases). 

/entricular Septal Defect with Aortic Regurgitation (3 cases). A high pitched decrescendo 
dia tolic murmur along the left sternal border accompanied by a water-hammer pulse and a wide 
pul 2 pressure were present in all. Two of these patients were submitted to thoracotomy with a 
pre operative diagnosis of patent ductus arteriosus which was not confirmed. 

‘entricular Septal Defect with Infundibular Pulmonary Stenosis (5 cases). Right heart cathe- 
ter! ation revealed the presence of an infundibular chamber in five patients, with three post-mortem 
cor irmations. 


= 


RESULTS 


The Electrocardiogram and Vectorcardiogram in Pure Ventricular Septal Defect 
Mild Cases. Table II lists the electrocardiographic and vectorcardiographic diagnosis together 


TABLE II 


PURE VENTRICULAR SEPTAL DeFecT (Mild Cases) 

















Age RV press. PA press. RV step-up * 

Case (years) | (mm. Hg) (mm. Hg) | (O2 vol.%) ECG VvCG 
1-P.C. 9 | 23/2 22/4 | 28 Normal Normal 
2-R.P. 12 30/2 22/10 0-6 Normal Normal 
3-J.M. 10 | 33/6 25/9 1 Normal Normal 
4-M.0. 9 | 30/0 25/7 0-6 Normal Normal 
5-D.B. 7 18/5 20/10 | 1 Normal Normal 
6-E.M. 17 31/8 33/10 | 1-2 Normal Normal 
7-T.B. 15 30/5 25/6 | 1 Normal Normal 
8-D.G. 5 34/0 30/12 } 1-5 LVH? Normal 
9-J.K. 3 | 32/0 29/12 | Zz | RBBB RBBB 

10-M.C. 10 35/0 24/6 z RBBB RBBB 
11-L.B 30 | — — | — Normal | BVH?7t 








* Ventricular complex. (QRS-ST and T.) 
+ Biventricular hypertrophy. 


with other data in the eleven cases of mild ventricular septal defect. Ineight the electrocardiogram and 
vectorcardiogram were normal (Fig. 1). Incomplete right bundle-branch block pattern was present 
in two patients (Cases 9, and 10) with the QRS duration 0-09 and 0-11 sec. respectively. In one 
(Case 8) there was an R wave of 66 mm. in V5 without any other abnormality to confirm a diagnosis 
of left ventricular hypertrophy and, therefore, we have questioned this diagnosis: in this case the 
vectorcardiogram was normal. In Case 11, the electrocardiogram was normal, but the vector- 
cardiogram showed a pattern that we believe is highly suggestive of combined ventricular hyper- 
trophy (Fig. 2). This will be discussed later. 

Moderate and Severe Cases. Table III shows the electrocardiographic, vectorcardiographic, and 
other data in this group of patients. In 12 of these 16 cases there was electrocardiographic evidence 
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Fic. 1.—Normal vectorcardiogram and electrocardiogram in a 9-year-old boy with a mild ventricular septal 
defect. Case4. The vectorcardiographic tracing shows the (H) horizontal, (S) right sagittal, and (F) 
frontal plane. The sense of rotation of the QRS sE loop is indicated by the blunt end of the tear drop 
which points in the direction of inscription. The electrocardiogram shows the conventional 12 leads. 
St. 14 indicates one and one-half times the usual standardization. A, B, and C are the vector com- 

ponent bipolar leads of the cube reference system. 
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Fic. 2.—Vectorcardiographic pattern of combined ventricular hypertrophy (type A), occurring in a 30-year- 
old man with a mild ventricular septal defect. Case 11. The horizontal plane shows a large initial 
segment directed to the right and anteriorly, and then the loop is oriented to the left and posteriorly, 
with a counterclockwise rotation. The electrocardiogram is within normal limits (see Fig. 1). 









TABLE III 
PuRE VENTRICULAR SEPTAL DerecT (Moderate and Severe Cases) 
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c Age RV press. | PA press. | RV step-up | Electro- Vector- 
‘ase | (years) | (mm. Hg) | (mm. Hg) | (O2 vol.%) | cardiogram cardiogra: 1 

| | | | 
12-W.N, | 4 | 90/10 82/43 2 RVH-LVH Normal 
13-M.D. 7 mo _ | 85/35 | 3 Normal* Normal 
14-M.A.t | 7 mo — — | — Normal Normal 
15-C.M.ft | 4 mo — -— a= Normal Normal 
16-R.O. | 13 42/8 | 54/30 3 RVH-LVH RVH-LV! :* 
17-A.G. | 8 | 33/2 | 30/11 | 2 RVH-LVH | RVH-LV! * 
18-M.K 10 106/6 | 102/52 | 4 RVH RVH-LV}1:* 
19-H.L 24 | 69/8 54/12 | 23 RVH-LVH* | RVH-LV}ii* 
20-E.B | 11 51/0 36/11 3-4 RVH-LVH RVH-LVI* 
21-L.A | 5 25/6 | 25/8 1-7 | RBBB RVH-LV}i* 
22-D.O 14 | 60/5 50/12 3-3 | RVH-LVH RVH-LVH * 
23-M.D 9 96/4 | 108/49 } 3-2 RVH-LVH RVH-LVH * 
24-B.R | 13 97/8 | 90/39 233 RVH-LVH* | RVH-LVH* 

| | RBBB Cond. delay 
25-E.B. 26 75/3 75/35 2:5 RVH-LVH RVH-LVH* 

RBBB 

26-G.W. | 13 35/3 -- 1-3 RVH-LVH RVH 
27-C.F.f 8 mo — | — | a RVH-LVH* | RVH 

! | 











RVH: Right ventricular hypertrophy. 

LVH: Left ventricular hypertrophy. 

* Questionable diagnosis of left ventricular hypertrophy. 
+ Post-mortem examination. 


of right ventricular hypertrophy. The electrocardiographic criteria that we found to be of major 
importance for this diagnosis were the following. 


(1) R/S or R’/S ratio in V1 greater than 1 in patients over five years of age. Below five years the 
R/S ratio had to be greater than the upper limits of normal for the age group according to 
Ziegler (1951). (All 12 cases fit this criteria.) 

(2) Intrinsicoid deflection in V1 greater than 0-03 sec. 

(3) Deep S waves in V5 or V6. (7 cases.) 

(4) R wave or R’ in aVR greater than the Q or S wave in the same lead. (3 cases.) 


Of these 12 cases, there were 9 in which we found two or more of the above criteria. 
three cases only the first criterion (which is the most important) was satisfied. 

In 11 of these 12 patients, a certain or probable diagnosis of left ventricular hypertrophy was 
made in addition. Electrocardiographically right ventricular hypertrophy appeared to be more 
prominent and, in its presence, the following signs appeared to be significant for the diagnosis of ‘eft 
ventricular hypertrophy. 


(4 cases.) 


In the other 


(1) Left axis deviation of 0 degrees or less. (3 cases.) 

(2) R wave in V5 or V6 of 34 mm. or greater; or 25 mm. or greater when accompanied ba 
small S wave (less than 2-5 mm.) or S-T segment and T depressions. (All 11 met 1 1is 
criteria.) 

(3) Intrinsicoid deflection in V5 or V6 greater than 0-05 sec. (1 case.) 

(4) An R wave in aVL greater than 15 mm. when accompanied by left axis deviation. (3 cas’ s.) 


In eight of these patients a diagnosis of left ventricular hypertrophy was based on two or mor: of 
the above mentioned criteria. In the other three the only criterion for left ventricular hypertro; 1y 
was a tall R wave in V5 or V6, and in these cases the diagnosis is indicated with a question m rk 
in table III. 

In the vectorcardiograms all twelve showed clear indications for a diagnosis of right ventrict ar 
hypertrophy. This was based on an anterior displacement of the QRSsE loop in the horizor al 
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and sagittal plane. In 10 of these (Cases 16-25) there were associated findings that differed from 
the typical pattern described for pure right ventricular hypertrophy (Grishman and Scherlis, 1952). 
We believe these findings indicate the presence of associated left ventricular hypertrophy. 

In four instances (Cases 16 to 19), the QRSsE loop in the horizontal plane was anteriorly 
oriented. Contrary to the usual pattern described for RVH there was counter-clockwise inscription 
of the loop in the horizontal plane (Fig. 3). 

In four others (Cases 20-23) there was a figure of eight configuration of the QRSsE loop in the 


| horizontal plane, with the terminal limb clockwise and displaced anteriorly to the E point (Fig. 4). 
| Although this configuration in the horizontal plane is similar to that found in other conditions 
/ asso iated with only right ventricular hypertrophy (e.g. atrial septal defect) (Braunwald et al., 


1955), in our cases the QRSsE loop in the frontal plane was displaced to the left and inscribed 
cour. .erclockwise, a finding not present in the usual pattern of pure right ventricular hypertrophy. 

In two others (Cases 24, 25) there was a clockwise rotation of the anteriorly displaced QRSsE 
loop in the horizontal plane, but in the frontal plane there was a leftward displacement and counter- 
cloc! wise rotation of the loop which differentiated these cases from one of the classical patterns 
of pi re right ventricular hypertrophy (Fig. 5). 

Four patients (Cases 12 to 15) had anterior displacement of the QRSsE loop in the horizontal 
plan. However, they were young (three below 7 months) and the vectorcardiogram was not 
outside of the wide range of normal patterns that have been observed in this age group. In the 
three examined at autopsy (Cases 14, 15, 27) a large ventricular septal defect was found. In one 
(Cas: 15) the defect was in the muscular septum but very large (11 mm.) considering the age of the 
paticat (4 months). There was dilatation of the pulmonary artery and left atrium and biventricular 
hypertrophy in all three. The right ventricular hypertrophy was greater than the left ventricular 
hypertrophy and the thickness of the right ventricle compared with the left was 6/6, 9/11, and 7/9 mm. 
respectively. 








TABLE IV 
VENTRICULAR SEPTAL DEFECT AND AORTIC REGURGITATION 
Ge Age BP | RV press. | PA press. | RV step-up Electro- Vector- 
(years) | (mm. Hg) | (mm. Hg) | (mm. Hg) (O2 vol.%) | cardiogram cardiogram 
28-A.T.* | 16 | 120/40-0 | 26/6 26/2 | 0:8 Normal Normal 
29-M.L. | 13 | 120/50-20 | 22/0 21/13 — LVH Normal 
30-P.D.* | 13 110/40 50/0 | 40/15 3 | RBBB RBBB 
| | | | | | RVHt 








* Operated for presumed patent ductus arteriosus. 
+ Questionable diagnosis. 


Ventricular Septal Defect with Aortic Regurgitation. Table IV shows the pertinent data in three 
patients with ventricular septal defect and aortic regurgitation. The electrocardiograms and 
vectorcardiograms do not show a specific or constant pattern that serves to differentiate this 
group. Despite the additional burden imposed on the left ventricle, in only one case did the electro- 
cardiogram show evidence of left ventricular hypertrophy. 

Ventricular Septal Defect with Infundibular Pulmonary Stenosis. Table V shows the pertinent 
data in five patients with this combination. Two (Cases 31, 32) show two of the vectorcardio- 
graphic patterns previously described which we consider as evidence of combined ventricular 
hypertrophy. Three patients (Cases 33-35) showed a typical vectorcardiographic pattern of pure 
tight ventricular hypertrophy, namely anterior displacement and clockwise rotation of the QRSsE 
loop in the horizontal plane (Fig. 6). Post-mortem examination in these three showed a large 
ventricular septal defect, infundibular pulmonary stenosis, and a normal aortic root. All showed 
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Fic. 3.—Vectorcardiographic pattern of combined ventricular hypertrophy (type B) occurring in a 13-year 
old boy, with a moderate ventricular septal defect. Case 16. The horizontal plane is characterized 
by a large anterior displacement of the QRS sE loop, and with counterclockwise rotation. The 
electrocardiogram suggests also combined ventricular hypertrophy: R/S in V1 equals 1, with the R wave 

measuring 14 mm. and deep S waves in V5. At the same time, there are relatively tall R waves in V6. 
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Fic. 4.—Vectorcardiographic pattern (type C) of combined ventricular hypertrophy. Case 22. The 
horizontal plane shows a figure of eight QRS sE loop as is observed frequently in right ventricular 
hypertrophy; however, the frontal plane QRS sE loop is displaced to the left and the sense of rota- 
tion is counterclockwise, as with left ventricular hypertrophy. The electrocardiogram is a typical 
pattern of combined ventricular hypertrophy: the R/S in V1 is greater than 1, with an intrinsicoid 
deflection of 0-035 sec. In addition, there is left axis deviation, a tall R witha flattened T in aVL and 

extremely tall R waves in V5-6. 
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Fic. 5.—Another example of combined ventricular hypertrophy (type C), in a 26-year-old patient with 
moderate to severe ventricular septal defect. Case 25. The horizontal plane is enlarged (upper 
right) to show that there is no conduction defect but merely a superimposition of the initial and term- 
inal segments. The sense of rotation is clockwise in this plane. As in Fig. 4, the QRS sE loop in 
the frontal plane is displaced to the left and the direction of inscription is counterclockwise. The 
electrocardiogram shows combined ventricular hypertrophy plus an incomplete RBBB pattern. The 
R’/S in V1 is greater than 1. Left ventricular hypertrophy is diagnosed on the basis of left axis 
deviation, tall R and negative T waves in aVL, high voltage of the R waves in V6, and an intrinsicoid 
defiection greater than 0-05 sec. 
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TABLE V 


VENTRICULAR SEPTAL DEFECT AND INFUNDIBULAR PULMONARY STENOSIS 





— 











Con Age | RV press. | PA press. RV step-up Electro- Vecto-- 
(years) | (mm. Hg) (mm. Hg) (O2 vol.%) cardiogram cardiog: 'm 
31-C.B. 19 suse 24/7 | 1-7 | LVHt | LVH-R Ht} 
32-C.R. 5 80/5 | 38/15 3:3 | LVHt RVH-L Hi 
40/5* 
33-C.C.7 3 105/6 43/10 2-6 RVH-LVHt | RVH 
59/9* | | 
34-R.F.+ 34 | 120/6 | 33/11 1-1 | RVH RVH 
35-JS.t | 7 | = | a | RVH | RVH 
| RBBB | Cond. dciay 





* Infundibular chamber. 
+ Cases with autopsy. 
t Questionable diagnosis. 


combined ventricular hypertrophy with predominantly right ventricular hypertrophy. The thick- 
ness of the right ventricle compared to the left was 5/10, 12-5/15, and 7-5/10 mm. respectively. 


Associated Electrocardiographic Findings 


All 35 patients showed a normal sinus rhythm and normal atrio ventricular conduction. In five 
there was minimal to moderate left axis deviation, in seven minimal to moderate right axis devia- 
tion, and in three there was a concordant § pattern in the standard leads, but the distribution of 
these findings showed so much overlap that it was of no additional value. Normal axis was found 
in 20 patients. In four instances there was electrocardiographic evidence of left atrial enlargement 
and in two of right atrial enlargement. S-T segment and T wave abnormalities were also analysed 
but in the majority there were no deviations from the normal, even when there was evidence of left 
and/or right ventricular hypertrophy. 


DISCUSSION 


There were five different e/ectrocardiographic patterns observed in our patients. 

Normal. Of 11 instances of a normal electrocardiogram 7 occurred in patients classified as 
having a mild ventricular septal defect. This pattern was observed in one patient with associated 
aortic regurgitation, but with normal right ventricular and pulmonary artery pressures and a small 
shunt. Three infants, all below seven months of age, had borderline electrocardiograms: they 
had severe forms of the defect and two died. The normal right ventricular preponderance in 
infants and the wide variations considered normal make an electrocardiographic diagnosis par- 
ticularly difficult and we considered the electrocardiogram normal in these cases. Excl':ding 
infants, a normal electrocardiogram was invariably associated with a mild septal defect. 

Incomplete right bundle-branch block. This pattern was observed in four instances and in ‘tself 
cannot be considered necessarily abnormal in children. It occurred twice with mild defects, »nce 
with associated aortic regurgitation, and once in a moderately severe case in which the vectorc: dio- 
gram disclosed right ventricular hypertrophy. 

Combined ventricular hypertrophy. This pattern was observed in 11 patients with moder: ¢ or 
severe ventricular septal defects. It occurred in one patient with infundibular pulmonary ste: »sis. 

Right ventricular hypertrophy. Of three patients with an electrocardiographic pattern of ight 
ventricular hypertrophy, two had infundibular pulmonary stenosis and the other severe pulm: ary 
hypertension. 

Left ventricular hypertrophy. Clear evidence of left ventricular hypertrophy occurred in on! one 
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patient who had an associated aortic regurgitation. One patient had high voltage of the R wave in 
V5 .nd V6 and another had marked left axis deviation (minus 60 degrees) as the only suggestion for 
left ventricular hypertrophy. The presence of high voltage in V5 or V6 as an isolated finding in 
chi’ Iren was not considered to be diagnostic of left ventricular hypertrophy. 

\ther investigators have described similar electrocardiographic patterns in patients with 
ver ricular septal defects. They also found normal electrocardiograms in the mild cases and 
cor bined hypertrophy associated with large defects. Right ventricular hypertrophy has been 
des ibed in the presence of pulmonary stenosis or pulmonary hypertension (Downing and Gold- 
ber , 1956; Wood et al., 1954) and left ventricular hypertrophy with large shunts or with aortic 
reg ‘gitation (Fyler et al., 1958; Wood et al., 1954). The electrocardiographic diagnosis of com- 
bin i ventricular hypertrophy is a difficult one and has been the subject of considerable controversy 
anc discussion (Levine and Phillips, 1951; Lipsett and Zinn, 1953; Marsico et al., 1955). 

1 general, the diagnosis of ventricular hypertrophy is based on an alteration of the normal 
bal ace of electrical forces. When both ventricles are enlarged to an equal degree, the balance of 
for: ‘s may remain within the normal range. When the right or left ventricle is disproportionately 
enl: ged, the balance of forces is so altered as to cause predominance of one ventricle, which is 
inte preted electrophysiologically as indicating hypertrophy of that ventricle. This concept is 
sup orted by the finding of a variety of electrocardiographic patterns in patients with a lesion 
cau ing combined ventricular hypertrophy. The degree of enlargement of the ventricles in ventri- 
cul: : septal defect varies considerably with such factors as the size of the defect, the pulmonary 
vas ular resistance, and other lesions that burden one ventricle more than the other. 

\ttempts to establish electrocardiographic criteria for combined ventricular hypertrophy have 
beei: made by Pagnoni and Goodwin (1952) and Rosenman et al. (1950). However, the patients 
stucied were generally adults with acquired heart disease in whom (although there were factors 
leading to right ventricular enlargement) generally the left ventricle was disproportionately enlarged. 
For these reasons such criteria may not be applicable to our patients who, for the most part, were 
children with congenital heart disease. In our cases when a diagnosis of combined hypertrophy 
could be made, the predominant enlargement occurred in the right ventricle and the difficulty arose 
in diagnosing left ventricular hypertrophy in the presence of right ventricular hypertrophy. Under 
these circumstances the criteria for left ventricular hypertrophy in the presence of right ventricular 
hypertrophy, previously mentioned, were particularly useful. We have stated that high voltage 
of the R wave in V5 or V6 alone is of little value in the diagnosis of left hypertrophy: in the 
presence of right ventricular hypertrophy, however, a tall R wave in V5 or V6 of 34 mm.; or an R of 
25 mm. or more, when accompanied by a small S wave or S-T depressions and T inversions, is 
highly significant and indicates left ventricular hypertrophy. The figure 34 mm. for the R wave 
in V5 or V6 was that actually observed in our cases and also is the upper limit of normal given by 
Ziegler (1951). The post-mortem and radiographic studies supported the electrocardiographic 
concept of the predominance of the right ventricle in these cases. 

There were six different vectorcardiographic patterns observed. Three occurred in the presence 
of combined ventricular hypertrophy and these will be discussed together. 

Normal. Thirteen patients had normal vectorcardiograms. Of these, seven were mild cases 
and two had associated aortic regurgitation but with normal dynamics. Of four patients with 
normal vectors and moderate or severe degrees of ventricular septal defect, three were infants 
below seven months of age and one a child aged four. As with the electrocardiogram, interpreta- 
tion of vectorcardiograms in infants is difficult. A wide range of normal patterns may be 
observed, including an anterior displacement of the QRSsE loop. For this reason we had to 
consider the vectorcardiogram normal in these four cases. 

Right bundle-branch block. This pattern occurred in two patients with mild septal defects and 
in one with associated aortic regurgitation. 

Right ventricular hypertrophy. This pattern was observed in five patients. Of these, three had 
infundibular pulmonary stenosis and two had moderate to severe septal defects. 
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Combined ventricular hypertrophy. There are three basic patterns that we believe repr: 
combined ventricular hypertrophy in congenital heart disease (Fig. 7). They have been desig: 


oQyQweo 
2 98 


Fic. 7.—Diagrammatic representation of the horizonal (H) and frontal (F) 
plane QRSsE loops in the three basic patterns of combined ventricular 
hypertrophy associated with interventricular septal defects. 


as type A, B, and C. Intype A, a large initial segment of the QRSsE loop in the horizontal plane is 
directed to the right and anteriorly. The initial segment of the QRSsE loop is usually attributed 
to septal depolarization, but Cabrera et al. (1958) state that right ventricular activation also may 
contribute to this portion of the loop, and hence, when it is large, it may signify hypertrophy of the 
septum, the right ventricle, or both. In type A, after the initial portion of the QRSsE loop, 
orientation is leftward and posterior, and the sense of rotation is counterclockwise as in left ven- 
tricular hypertrophy. Thus, we feel that this pattern represents combined ventricular hypertrophy. 

Type B is a pattern characterized by a large anterior displacement of the QRSsE loop in the 
horizontal plane, with the main axis in the plus 60 to 90 degrees segment, and counterclockwise in 
rotation. A greater than normal portion of the loop is anterior to the horizontal axis, signifying 


right ventricular hypertrophy. The sense of rotation, however, is counterclockwise which 
believe, in this instance, signifies additional left ventricular hypertrophy. 

In type C the horizontal plane QRSsE loop is similar to a pattern observed with right ventri: 
hypertrophy. There is a figure of eight QRSsE loop in the horizontal plane, with the terminal 
clockwise and anterior to the E point; or a clockwise anteriorly displaced QRSsE loop. Hoy. 
the direction of inscription in the frontal plane is counterclockwise, and the loop displaced t: 
left, which serves to differentiate these cases from that of pure right ventricular hypertroph 
which the direction of inscription in the frontal plane is clockwise (Grishman and Scherlis, | 
This pattern accounts for the presence of right ventricular hypertrophy with left axis deviation 
we have observed in the electrocardiograms of some of these cases. 

Of the 13 instances of a vectorcardiographic pattern that we consider to represent comt 
ventricular hypertrophy, 12 occurred in patients with moderate or severe septal defects and 
once was this pattern observed in a mild case. 

In spite of the fact that there were differences in the interpretation of the vectorcardiograr 
electrocardiogram, from the information given a diagnosis qf combined ventricular hypertr« 
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cold be made in approximately 45 per cent of the patients. Although there was great variation 
in the electrocardiographic and vectorcardiographic patterns observed, they are sufficiently dis- 
sir ilar from those observed in other acyanotic congenital lesions to be of diagnostic value and in 
ad ‘ition give a clue to the severity of the lesion. 


SUMMARY 
Thirty-five cases of ventricular septal defect have been reviewed with special reference to the 


ele trocardiogram and vectorcardiogram. 
Except in infants, if the electrocardiogram and vectorcardiogram were normal, a mild case 
frc na clinical and hemodynamic standpoint could be predicted. 


-ombined ventricular hypertrophy was found in association with moderate or severe cases. 

Right ventricular hypertrophy was usually associated with infundibular pulmonary stenosis or 
se. ‘re pulmonary hypertension. 

solated left ventricular hypertrophy was a rare finding. 

We present the electrocardiographic criteria that we believe are useful for the diagnosis of left 
ve: tricular hypertrophy in the presence of right ventricular hypertrophy in ventricular septal 
de? »ct. 

Three vectorcardiographic patterns are described that we believe are indicative of combined 
ve: tricular hypertrophy in ventricular septal defect. 


Ve are indebted to Dr. Alvin J. Gordon, chief of the cardiopulmonary unit, who kindly permitted us to use the 
terization data. Miss Ruth Jaspan rendered invaluable help and assistance throughout this study. 
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While the effectiveness of cortisone in the treatment of status asthmaticus has been establislied, 
the value of its continued administration in chronic asthma is disputed (Medical Research Council 
Report, 1956). The benefits that follow steroid maintenance therapy in chronic asthma must justify 
the disadvantages attending their continued administration. The hazard of salt retention has been 
reduced considerably since the introduction of prednisone and prednisolone in the treatment of 
asthma (Arbesman and Ehrenreich, 1955; Barach et al., 1955). There remain, however, other 
dangers associated with long-term steroid therapy, some with fatal consequences. Thus supra- 
renal atrophy (Kern, 1957) may account for a number of sudden unexplained deaths in asthmatic 
patients given cortisone over a long period (Savidge and Brockbank, 1954). Patients receiving 
prolonged steroid therapy are poor risks when subjected to operation or anesthesia; they react 
adversely to injury and to acute infection; and steroids favour the development of peptic ulceration 
and not only increase the likelihood of perforation and hemorrhage but, by suppressing the 
characteristic symptoms and physical signs, may prevent the detection of these complications. 

Against these formidable disadvantages must be set the increasing incapacity of the chronic 
asthmatic whose continued existence depends upon antispasmodic drugs and antibiotics. Living 
in fear from one inevitable exacerbation to the next, they survive to develop chronic pulmonary 
heart disease. Bedridden with extreme dyspnea and mounting dropsy, it is perhaps merciful 
that the mental confusion of cerebral anoxia ultimately supervenes to calm their mental distress 
before death relieves their brittle existence. The necessity to relieve these symptoms with steroids 
is as great as that to relieve the pain in cardiac infarction, for which morphine is given with con- 
fidence despite the disadvantages. 

It is the purpose of this paper to describe the beneficial results of long-term prednisolone therapy 
and to advance a rationale for its continued administration in patients with chronic asthma, especi- 
ally those complicated by pulmonary heart disease. 

Material. This series comprises 4 women with bronchial asthma whose ages range from 
26 to 59 years. Three of them (Cases 1, 2, and 4) had developed chronic pulmonary hcart 
disease as indicated by the presence of a lower sternal heave, gallop rhythm, and an accentuzted 
pulmonary second sound, associated with radiological prominence of the pulmonary conus and ‘he 
cardiographic patterns of right ventricular hypertrophy and pulmonary P waves. Conges ive 
heart failure had supervened in two (Cases 1 and 2) and was evidenced by jugular venous : nd 
hepatic congestion with cedema and radiological enlargement of the right ventricle. Asthm tic 
attacks were precipitated in each instance by infection but in two patients an additional alle: zic 
factor was present (Table I). 

Certain clinical features that were common to all four patients prompted investigation of 
adreno-cortical function; serum electrolyte and blood urea levels were estimated and serial elec’ ‘o- 
cardiograms recorded in each patient before and during steroid therapy. 
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PREDNISOLONE MAINTENANCE THERAPY 


TABLE I 
PATIENTS WITH BRONCHIAL ASTHMA. DURATION OF SYMPTOMS, AND ASSOCIATED COMPLICATIONS 


























C ise Age Duration Precipitating Chronic cor Heart Associated conditions 
lo. Sex of asthma factors pulmonale failure 
54 F 6 yr. R.1:* Present Present 
1 month 
: 36 F 8 yr. R.I. Present Intermittent 
18 months 
fe 59 F 30 yr. R.I. and childhood | Absent Absent Hypertension and ischemic 
hay fever heart disease 
: 26 F 24 yr. R.I. and childhood | Present Absent Pulmonary sarcoidosis 
hay fever 





* Respiratory infection. 


CLINICAL PICTURE 


)bserved over periods varying from 18 months to three years, asthmatic symptoms varied in 
sev rity, frequency, and duration in each patient. Of the two with congestive heart failure, one 
(Cie 1) in whom congestive failure had been present for one month was incapacitated: the other 
(Ci se 2), despite digitalis and diuretic therapy with reduced dietary salt, had in the past year 
req.iired hospital treatment for heart failure on two occasions, and during the previous three 
moaths had been in a state of continuous mild congestive failure with greatly restricted activities. 
In neither patient was the standard treatment for heart failure effective. 

\ll four patients showed the following features that could not be attributed either to bronchial 
asthma or to pulmonary heart disease. 

(1) Fatigue and» weakness. Each experienced a sensation of considerable exhaustion and 
tiredness with muscular weakness. Although usually more intense during exacerbations of asthma, 
these symptoms fluctuated in severity independent of the asthmatic state. They were so extreme in 
one (Case 2) that she would fall asleep at the bus stop, while at the lavatory, or during meals; in 
others lethargy and weakness during intervals of freedom from asthma were of sufficient extent 
to interfere with routine daily activities. 

(2) Pigmentation. Excessive pigmentation of the skin was present in all four patients, two 
having buccal pigmentation also (Cases | and 2). 

(3) Thyroid enlargement. Slight diffuse thyroid enlargement was found in each case and in 
one (Case 4) a small adenoma was also present. Clinically these patients had no evidence of 
thyroid overactivity although one (Case 3) had lid retraction and lid lag. 

(4) G@dema. Slight ankle cedema occurred periodically in all four patients. Although it was 
possibly related to congestive heart failure in one (Case 2); in another (Case 1), in whom it was 
associated with puffiness of the hands and face, it coincided with the onset of asthma and antedated 
by five years her first episode of congestive failure. That cedema was not determined by congestive 
heart failure was also evident by its occurrence in the two remaining patients, neither of whom had 
shown evidence of heart failure. 

Previous experience (Mickerson, 1959; Mickerson and Swale, 1959) suggested that these features 
might be associated with decreased anterior pituitary activity accompanied by secondary adreno- 
cortical deficiency. It was considered that bronchial inflammation, induced in these patients by 
allergy or bacterial infection alone or in combination, had created a demand for adrenocorticoids 
which had been supplied initially by increased pituitary activity. With persistent bronchial inflam- 
mation and exacerbations of bronchitis, prolonged demands upon the pituitary-adrenal mechanism 
had induced anterior pituitary exhaustion. Thus thyroid enlargement would relate to the phase 
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of pituitary stimulation, while asthenia would be associated with adrenocortical insuffici icy 
secondary to adreno-hypophyseal exhaustion. Furthermore, at this stage adrenocorticoid defici icy 
would permit unopposed activity of posterior pituitary antidiuretic hormone (Talbot et al., | 52) 
and the water retention would result in edema formation. 


ADRENOCORTICAL FUNCTION 


Adrenocortical function was assessed in two patients (Cases 1 and 3) by estimation o! the 
24-hour urinary 17-ketosteroid and corticoid excretions; these steroid excretion levels wer re- 
estimated on the last day of a 4-day course of intramuscular corticotrophin (40 units t.i.d.). In 
both patients subnormal steroid excretion levels revealed adrenocortical insufficiency but ‘he 
increased values obtained following corticotrophin stimulation (Table I) indicated that defic ent 
adrenal function was due to decreased anterior pituitary activity. 


TABLE II 
URINARY STEROID EXCRETION BEFORE AND DURING CORTICOTROPHIN ADMINISTRATION 





Urinary excretion (mg. per diem) 











Cass No. |——— a 
Before corticotrophin | During corticotrophin 

| 17-ketosteroids | corticoids | 17-ketosteroids corticoids : 
1 3 5 | 6 23 
3 2-4 | 4:3 | 13 16 





Serum electrolyte and blood ievels were normal in all four patients before starting steroid therapy 
(Table II]). These normal values were to be expected since normal electrolyte levels are usual in 
hypopituitarism, a finding that might be attributed to continued baseline aldosterone secretion 
independent of pituitary activity (Thorn et al., 1957). 


TABLE Ill 
SERUM ELECTROLYTE AND BLOOD UREA ESTIMATIONS BEFORE PREDNISOLONE THERAPY 





Serum K | Serum chlorides | Serum alkali reserve | Blood urea 














Case Serum Na | 
No. | meeq/l. | meeq/l. | m.eq/l. m.eq/I. | mg/100 ml. 
1 | 137 | 46 92 | 38:4 49 
2 142 5-0 | 91 35-T | 30 
3 | 45 | S5 | 103 _ 32 
4 


139 | 49 | 103 — 30 





LONG TERM STEROID THERAPY 


Apart from the necessity to relieve symptoms, it was considered that these patients had hy »0- 
adrenocorticism and that they required steroid substitution therapy to correct the deficiency. . sa 
supplement to existing therapy, prednisolone was administered in physiological dosage (7°: to 
12-5 mg. daily) to the three patients whose bronchial asthma was complicated by pulmonary | art 
disease. Those previously receiving a restricted sodium diet were given a normal diet. 

Improvement occurred in each patient within a few days of starting steroid therapy; fat zue 
and muscular weakness vanished and dyspnoea subsided. An increased sense of well being 
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m:tched by objective evidence of improvement. Rhonchi disappeared or were greatly reduced on 
au cultation of the chest, and in those with cardiac failure which had previously been uninfluenced 
by standard treatment, a diuresis occurred (Fig. 1), venous congestion subsided, and heart failure 
we relieved within one week of starting prednisolone. 

Following relief of symptoms and heart failure, prednisolone therapy was continued in physio- 
lo; cal amounts and patients were observed for periods varying from 9 to 18 months. With such 
sr ll steroid dosage in subjects whose endogenous steroid production was subnormal, it was 
he 2d to avoid the development of peptic ulceration and its fatal complications, acute psychoses, 
an. osteoporotic fractures, and also any possibility of encouraging infection. Indeed none of 
the 2 complications occurred although Case 4 had a 
pr: ‘en duodenal ulcer and a history of severe hemor- 
rh: :e two years previously. Patients were given a 
res -ve supply of prednisolone with instructions to 
inc 2ase their daily dosage by 5 to 10 mg. should they 
de :lop infection and to report to the hospital. They 
we > warned of the potential dangers of accidents and [acta 
an sthetics and told that necessary dental extractions 
sh ald be done in hospital. Two attacks of bron- 
ch is accompanied by asthma did occur in Case | but 
ea: 1 was quickly relieved by increasing the dosage of 
pr: Jnisolone to 30 mg. daily and simultaneously ad- 
mi..jistering tetracycline for five days. This patient 
also experienced occasional episodes of increased tired- 
ne.s and weakness; these subsided when the predni- 
solone dosage was temporarily increased to 25 mg. 
daily and within three or four days she was able to 
revert to her previous dosage. 

No attempt was made to combat the adrenal atrophy 
that develops during prolonged steroid therapy. The DAYS 
suggestion of Ungar and Johnson (1957) that periodic BS sis a 
courses of A.C.T.H.-gel be given to stimulate the ee wy ae 
adrenals during such therapy might have overcome this Fy, 1.—Prednisolone-induced diuresis. Total 
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FLUID OUNCES 








possible hazard. four-day fluid volumes during initial control 
. : : a . period, corticotrophin administration, and 
With long continued prednisolone administration treatment with prednisolone. (The seduced 
and a normal dietary sodium, slight salt retention urinary excretion during corticotrophin ad- 
occurred. This was prevented either by reducing the ministration was attributed to unavoidable 


contamination of A.C.T.H. by antidiuretic 


dietary salt or by giving chlorothiazide 0-5 g. twice hormone.) Case 2. 


daily combined with potassium chloride 2 g. daily, for 
two days each week. After trying each alternative the latter was preferred by all three patients. 

During the period of observation the improvement was maintained and pulmonary symptoms 
and signs relieved. Those in whom heart failure had previously occurred suffered no recurrence 
and it was possible to omit digitalis from their therapeutic regimen. The three patients with 
chronic cor pulmonale were enabled to resume a normal mode of life. 

Serial electrocardiograms taken before and during treatment with prednisolone provided 
indisputable evidence of improvement. The initial cardiograms were recorded when patients were 
free from either bronchial infection or heart failure. In each instance pulmonary P waves indicated 
the presence of pulmonary hypertension and in Cases 2 and 4 the patterns of right ventricular strain 
were present. After treatment with prednisolone for varied intervals the cardiograms were repeated: 
all tracings showed a decreased P wave voltage with normal P waves replacing the previously 
recorded pulmonary P waves and there was also evidence of lessened right ventricular strain 
(Fig. 2-4). 
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Fic. 2.—Electrocardiograms (a) before, and (b) after ten months’ prednisolone therapy. Case 1. 
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Fic. 3.—Electrocardiograms (a and 5) before, and (c) after three months’ prednisolone therapy. 
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Fic. 4.—Electrocardiograms (a) before, and (5) after nine months’ prednisolone therapy. 
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DISCUSSION 


“he improved cardiac function that occurred in these patients, two of whom were relieved of 
hea’ ‘ failure, together with the regressive cardiographic patterns, were attributed to the following 
two actors. 


(’) Improved Oxygenation. By improving pulmonary ventilatory capacity (Thursby-Pelham 
and Kennedy, 1958) prednisolone increases oxygenation and will relieve or reduce the 
hypoxia associated with chronic asthma, thereby reducing pulmonary arterial pressure 
(Von Euler and Liljestrand, 1946; Wood, 1958). 


Decreased Respiratory Activity and Lowered Intra-alveolar Tension. The respiratory pump 
by varying the stroke output of the right ventricle influences pulmonary arterial pressure. 
Increased fluctuations of this associated with pulmonary hypertension and congestion have 
been reported in patients with chronic pulmonary heart disease by Rodbard et al. (1956). 
They attributed these wide fluctuations to the greater resistance to air flow and reduced lung 
compliance leading to increased respiratory excursions in chronic pulmonary disease. In 
addition the increased intra-alveolar pressure occurring in bronchial asthma will be com- 
municated to the pulmonary capillaries, increasing pulmonary vascular resistance and 
thereby increasing pulmonary arterial pressure. While the relief of dyspnea by predni- 
solone will reduce respiratory efforts, the synchronous increase of pulmonary ventilatory 
capacity must be associated with a decrease of intra-alveolar pressure, thereby reducing 
pulmonary arterial pressure. 


_— 


thus prednisolone therapy will improve oxygenation, and, by correcting the adverse pul- 
monary hemodynamic conditions relieve the work burden of the right ventricle in chronic pul- 
monary heart disease. It is essential that such therapy be started before secondary emphysema 
has advanced too far to allow a decrease in respiratory effort and intra-alveolar pressure and before 
extensive pulmonary atheroma has developed. Pulmonary hypertension, induced by impaired 
pulmonary ventilation in bronchial asthma, is likely to be permanent and progressive unless the 
ventilatory capacity can be increased. The presence of cardiographic pulmonary P waves should 
therefore be an indication for continued prednisolone therapy in chronic asthmatics. 

In addition to the need for improving respiratory function there are further reasons for steroid 
maintenance therapy in certain patients with chronic asthma and cor pulmonale. In a previous 
paper (Mickerson and Swale, 1959) evidence has been presented to suggest that heart failure is 
initially associated with pituitary stimulation and that ultimately, with continued heart failure and 
prolonged hypophyseal activity, anterior pituitary exhaustion occurs. At this stage in chronic 
heart failure, edema is encouraged by persistent excessive posterior pituitary stimulation, co-existent 
with a deficiency of glucocorticoids; the increased anti-diuretic hormone activity, unantagonized 
by adrenocorticoids, resulting in primary water retention. 

All four patients in the present series had symptoms and signs suggesting this sequence of endo- 
crine adjustment, and biochemical evidence supported the hypothesis of their having reached a state 
of pituitary exhaustion. The diuresis and loss of weight that occurred (Fig. 1) following predni- 
solone administration have been recorded previously by Bickerman et al. (1955) who observed a 
diuresis and weight loss in 5 of 30 patients with bronchial asthma and in 12 to 50 patients with pul- 
monary fibrosis when treated with prednisone. According to Mickerson and Swale (1959) predni- 
solone replacement therapy would restore the antagonism that normally exists between adreno- 
corticoids and antidiuretic hormone and thus encourage diuresis. 

These findings suggest that anterior pituitary insufficiency with secondary hypo-adrenocorticism 
occurs in some patients with bronchial asthma and chronic cor pulmonale, and they provide further 
justification for long-term steroid maintenance therapy. 
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SUMMARY 


Prednisolone was administered to four patients with bronchial asthma, three having chronic pul- 
monary heart disease, for periods of from 9 to 18 months. Co-existent heart failure was reli ved 
and all three were maintained free from symptoms and unrestricted in their activities. Serial ele: tro- 
cardiograms showed a decrease in P wave voltage, with reversion of pulmonary P waves to noi nal, 
and reflected improvement in the pulmonary hemodynamics during steroid therapy. 

Evidence is presented to justify steroid maintenance therapy in patients with bronchial ast. ima 
and chronic cor pulmonale. The presence of pulmonary P waves in cardiographic tracings in : uch 
patients is considered an indication for long-term prednisolone therapy. 

Possible reasons are discussed for the beneficial effects of prednisolone in asthmatic patients ith 
pulmonary heart disease. 


I thank Dr. K. Shirley Smith and Dr. N. S. Plummer for permission to investigate their patients and Dr. St.irle 


Smith for his helpful criticism. I am indebted to Professor Patterson and Dr. Swale for the steroid excretion esiime- 


tions. Miss Anne Smith kindly supplied the cardiographic tracings and Miss Turnbull the chart. 
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ilectrocardiographic abnormalities in hypertensive patients can be divided into two main 
cat gories (Smirk, 1957). The first consists of abnormalities that can be directly ascribed to left 
ver ricular “overload” (Sokolow and Lyon, 1949). The second category consists of a miscellaneous. 
gr( ip of conditions that are less directly related to left ventricular “overload” and are rather to be 
coi sidered as complications of vascular disease, such as arrhythmias, conduction defects, and 
my »cardial infarction. 

he present study is concerned only with the first category, the intention being to investigate the 
rel. tionship of the electrocardiographic signs of left ventricular hypertrophy and “strain” to the 
level of the diastolic blood pressure and to certain other clinical features. 

Since the advent of multiple-lead electrocardiography, several studies of the changes in hyper- 
tension have been reported. Evans et al. (1945) found some correlation between electrocardio- 
graphic changes in bipolar chest leads and the diastolic blood pressure. Leishman (1951) found 
some correlation with diastolic blood pressure, heart size, and retinal grade, but not between 
electrocardiographic changes and age, sex, body weight, or angina. Doyle (1953), in an investiga- 
tion mainly concerned with the improvement obtained in the electrocardiograms of hypertensive 
patients during treatment with ganglion-blocking drugs, also found some correlation between 
electrocardiographic changes and diastolic blood pressure taken under basal conditions before 
treatment was started. Hay (1957) in another follow-up investigation on a series of treated 
patients (which included Doyle’s (1953) group) mentions that the severity of the original cardio- 
graphic changes was related to the basal blood pressure and the retinal grade. These investigations 
have, however, not afforded any clear evidence of why patients with apparently comparable 
hypertension often have such different degrees of electrocardiographic abnormality. The present 
study has been made in an attempt to throw further light on this problem. The method of 
classification of the electrocardiograms used differs from that employed by previous workers 
and is based on a separate analysis of the incidence of each of three main changes seen in left 
ventricular hypertrophy and strain, namely high voltage in QRS complexes, S-T segment 
depression, and T wave diphasia or inversion. 


— 


MATERIAL AND METHOD 


The twelve-lead electrocardiograms of a series of hypertensive patients were studied in relation 
to their clinical state. These patients were all investigated on account of hypertension as in- 
patients in one unit of the Royal Infirmary of Edinburgh in the period 1948-1957. As in a 
previous investigation, concerned mainly with prognosis (Simpson and Gilchrist, 1958), the 
average diastolic blood pressure at rest in bed in hospital and the lowest diastolic blood pressure 


* At present Edward Wilson Memorial Fellow, Baker Medical Research Institute, Alfred Hospital, Melbourne, 
Australia. 
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recorded during sleep after sedation with sodium amylobarbitone were used as estimates 0’ the 
blood pressure. Patients were excluded from the study if their average diastolic blood pre: ure 
at rest in bed fell below 100 mm. Hg. Patients who had significant valvular disease of the | zart 
or thyroid dysfunction or had been taking digitalis were also excluded, as were patients w ose 
electrocardiograms showed any arrhythmia (other than extrasystoles), bundle-branch bloc! . or 
definite evidence of myocardial infarction. In all, 203 patients (88 men, 115 women) were fi und 
suitable for inclusion in the series. 80 per cent of the patients were between 40 and 59 yeai; of 
age. One only was below 20 years of age, and one was over 70 years of age. 

In the analysis of the electrocardiograms for evidence of left ventricular hypertrophy and st: ain, 
criteria modified from Sokolow and Lyon (1949) and Goldberger (1953) were used. 


(1 a) Height of R wave in aVL 13 mm. or more. 


(1 b) Height of R wave in V5+depth of S in V1 greater than 35 mm. (See Fig. 1.) (Tuese 
changes are subsequently referred to as “high voltage”’). 
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Fic. 1—Electrocardiogram showing the pattern of ‘‘high voltage.”” The height of R in 
VS added to the depth of S in VI exceeds 35 mm. 


(2) Depression of S-T segment of 0-5 mm. or more in leads 1, aVL (or aVF in vertical hearts), 
or in V5 and V6. (See Fig. 2.) 
(3) Diphasic or asymmetrically inverted T waves in leads 1, aVL (or aVF in vertical hearts), 
or in V5 and V6. (See Fig. 3.) (These changes are subsequently referred to as “T 
wave changes”. Flat or low upright T waves are not included in this category. 
(4) Peak of R wave in V5 and V6 delayed more than 0-05 sec. after the start of the ventric lar 
complex, but not sufficiently to indicate left bundle-branch block. 


RESULTS 


Incidence of Abnormalities. Only 10 per cent of the male patients and 17 per cent of the wo: 1en 
had normal electrocardiograms. This is a reflection of the severity of the hypertensive vasc lar 
disease in this series of patients, and it is probably related to the fact that all patients whose dias' »lic 
blood pressure fell below 100 mm. Hg at rest in bed were excluded from the series. 

60 per cent of the men and 56 per cent of the women showed high voltage (Table II) 63 
per cent of the men and 57 per cent of the women showed S-T depression, and 74 per cen of 
the men and 61 per cent of the women showed T wave changes. All these abnormalities were 10t 
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THE ELECTROCARDIOGRAM IN HYPERTENSION 
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Fic. 2—Electrocardiogram showing depression of S-T segment of 0-5 mm. or more in leads I, 
aVL, V5 and V6. T waves are asymmetrically inverted in these leads. R in aVL exceeds 
13 mm., and there is high voltage also in the chest leads. 
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Fic. 3.—Electrocardiogram showing asymmetrically inverted T waves in V4, V5 and V6, without 
high voltage or S-T segment changes. 


always present in the same patient (Table I). S-T depression was usually associated with T 
wave change, and has therefore been omitted from some parts of the analysis and discussion. 

The peak of the R wave in V5 and V6 was delayed more than 0-05 sec. after the start of the 
ventricular complex in only 6 patients. 

Relationship of Electrocardiogram to Diastolic Blood Pressure. Subdivision of the patients 
according to their average diastolic blood pressure at rest in hospital showed that the incidence 
of each type of electrocardiographic abnormality increased with rise in the diastolic blood pressure 
(Table 11). This relationship was significant at the 1 per cent level for high voltage and T wave 
changes in the women and for T wave changes in the men; it just failed to be significant at the 5 
per cent level for high voltage in the males. 
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TABLE I 
ANALYSIS OF ELECTROCARDIOGRAPHIC ABNORMALITIES 


(Figures in brackets are percentages) 














a 








Electrocardiogram Men Women 
Normal , 9 (10) 19 (17) 
High voltage alone 7 (8) 11 (10) 
High voltage with S-T depression and T wave changes 33 (38) 41 (36) 
High voltage with T wave changes 10 (11) 8 (7) 
High voltage with S-T depression 3 (3) 4 (3) 
T wave changes alone... 7 (8) 7 (6) 
T wave changes with S-T depression 15 (17) 14 (12) 
S-T depression alone 4 (5) 6 (5) 
Flat T waves alone 0 (0) 5 (4) 
Total .. 88 (100) 115 (100) 
R in V5 and V6 delayed more than 0-05 sec. .. 4 (5) 2 @ 





TABLE Il 


RELATIONSHIP OF ELECTROCARDIOGRAPHIC ABNORMALITIES TO AVERAGE LEVEL 


OF DIASTOLIC BLOOD PRESSURE AT REST IN HOSPITAL 


(Figures in brackets are percentages) 





Average resting | 





























diastolic blood | Number of High S-T T wave 
pressure patients voltage depression inversion 
mm. Hg 
100-109 17 7 (41) 5 (29) 8 (47) 
110-119 21 12 (57) 14 (67) 15 (71) 
120-129 20 13 (65) 14 (70) 16 (80) 
130-139 19 13 (68) 13 (68) 16 (84) 
140 and over 11 8 (73) 9 (82) 10 (91) 
Total 88 53 (60) 55 (63) 65 (74) 
x? linear trend | 3°64 8-14 
p value p=0-056 p<0-01 
Average resting 
diastolic blood Number of High S-T T wave 
pressure patients voltage depression inversion 
mm. Hg 
100-109 23 6 (26) 9 (39) 10 (44) 
110-119 33 16 (49) 16 (49) 18 (55) 
120-129 31 16 (52) 17 (55) 19 (61) 
130-139 14 12 (86) 11 (79) 11 (79) 
140 and over 14 14 (100) 12 (86) 12 (86) 
Total 115 64 (56) 65 (57) 70 (61) 
x? linear trend 23-51 8-74 
p value p<0-01 p<0-01 














Mi 


Ww 


Bo 










TABLE III 
RELATIONSHIP OF ELECTROCARDIOGRAPHIC ABNORMALITIES TO LOWEST LEVEL OF DIASTOLIC 


THE ELECTROCARDIOGRAM IN HYPERTENSION 


BLOOD PRESSURE DURING SLEEP AFTER AMYLOBARBITONE SEDATION 
(Figures in brackets are percentages) 


A. MEN 





Lowest diastolic 
blood pressure 


























during sleep after; | Number of High S-T T wave 
amylobarbitone | patients voltage depression inversion 
sedation 
mm.Hg 
Below 90 19 8 (42) 6 (32) 7 (37) 
; 90-99 21 12 (57) 14 (67) 15 (71) 
100-109 17 10 (59) 13 (76) 14 (82) 
110-119 14 10 (71) 8 (57) | 13 (93) 
120 and over | 17 13 (76) 14 (82) | 16 (94) 
Total | 88 | 53 (60) 55 (63) | 65 (74) 
x2 linear trend | 5-03 | 
p value p<0-05 | 
} 
B. WOMEN 
Lowest diastolic | | 
blood pressure | | | 
during sleep after Number of | High | S-T | T wave 
amylobarbitone patients voltage depression inversion 
sedation 
mm. Hg | | 
Below 90 33 13 (40) 18 (55) 21 (64) 
90-99 22 8 (36) | 6 (27) 9 (41) 
100-109 | 29 16 (55) 18 (62) 17 (59) 
110-119 15 14 (93) 10 (67) | 10 (67) 
120 and over | 16 13(81) =| 13 (81) 13 (81) 
Total | 115 | 6456) | 65057) 70 (61) 
TABLE IV 


RELATIONSHIP OF ELECTROCARDIOGRAPHIC ABNORMALITIES TO AGE IN PATIENTS WITH AVERAGE 


RESTING DIASTOLIC BLOOD PRESSURES BETWEEN 100-129 mm. Hg 
(Figures in brackets are percentages) 





| 























Number of | High S-T T wave 
Sex Age patients voltage depression changes 
4 Below 50 years 23 16 (70) 12 (52) 13 (57) 
Men } 
50 and over 35 16 (46) | 21 (60) 26 (74) 
-_ Below 50 years 42 | 23 (54) 18 (43) | 19 (45) 
Women | 
50 and over 45 | 15 (33) | 24 (53) 28 (62) 
q Below 50 years 65 | 39(60) +~| 30(46) | 32(49) 
Both sexes | 
50 and over 80 31 (39) 45 (56) 54 (68) 
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TABLE V 


RELATIONSHIP OF ELECTROCARDIOGRAPHIC ABNORMALITIES TO AVERAGE RESTING DIASTOLIC BLOOD PRESSURE 
AND RETINAL GRADE 


(Figures in brackets are percentages) 
A. MEN 





Average resting 



































diastolic Retinal Number of High S-T T wave 
blood pressure grade patients voltage depression changes 
mm. Hg 
O-I and II 26 10 (39) 8 (31) 13 (50) 
Between 100-119 .. — —— 
III and IV 12 9 (75) 11 (92) 10 (83) 
Ol and I 16 | 11 (69) 12 (75) 13(81) 
120 and over oe —— 
Ill and IV 34 23 (68) 24 (71) 29 (85) 
B. WOMEN 
Average resting 
diastolic Retinal Number of High S-T T wave 
blood pressure grade patients voltage depression changes 
mm. Hg 
O-I and II 43 15 (35) 17 (40) | 18 (42) 
Between 100-119 .. le 
III and IV 13 7 (54) 8 (62) 10 (77) 
.... | a 21 13 (62) 12(57) | ~~ ‘*12(57) 
120 and over =, - 
III and IV 38 29 (76) 28 (74) i 30 (79) 





However, when the diastolic blood pressure was assessed as the lowest level obtained during 
sleep after amylobarbitone sedation, the relationship of high voltage to diastolic blood pressure 
was significant at the 5 per cent level in the men (Table III). In the women, on the other hand, 
the relationship of electrocardiographic abnormalities to lowest sleeping diastolic blood pressure 
was much less consistent. This was an unexpected finding, as a previous study (Simpson and 
Gilchrist, 1958) had shown that the lowest sleeping diastolic blood pressure was a good guide to 
prognosis and was also closely related to other clinical indications of severity, such as the retinal 
grade. 

These findings indicate a closer relationship between the incidence of electrocardiograp iic 
changes and the average level of the resting diastolic blood pressure than has previously been dem« n- 
strated. However, it is clear that the severity of the electrocardiographic changes is influenc 2d 
also by other factors, and it is reasonable to suppose that age, sex, body weight, coronary athero..1a 
and other arterial disease might be of importance. The relationship of the electrocardiograp ic 
changes to these factors, and to the cardiac functional state, will now be considered. 

Relationship of Electrocardiogram to Age. The age of the patient was found to have a c 1- 
siderable influence on the incidence and type of electrocardiographic changes. In patients w h 
average resting diastolic blood pressure from 100 to 129 mm. Hg (above this level all three elect »- 
cardiographic abnormalities were very common), high voltage was present in 60 per cent of th: se 
under the age of 50 years, but in only 39 per cent of those aged 50 years or more (Table IV, x2=5: 5, 
p<0-05). T wave changes, on the other hand, were present in 49 per cent of those under the : ze 
of 50 years, and in 68 per cent of those aged 50 years or more (Table IV, x2=4-23, p<0-05). 1 1¢ 
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tv/o sexes were similar in this respect. It is thus evident that T wave changes become more common 
as age advances, but the QRS voltage appears not to increase and may possibly even decrease as 
ag? advances. High voltage without T wave changes was much more common below than above 
th: age of 50 years, while T wave changes without high voltage were much commoner above 
ths age than below it. 

A comparison between the two age groups showed some minor differences in other respects, 
an i these are considered in some detail as they might affect the validity of these findings. Firstly, 
th re were rather fewer patients in the older age group with average diastolic blood pressure between 
12) mm. and 129 mm., but there is no apparent reason why this should affect the relative incidence 
of 1igh voltage and T wave changes to any extent. Secondly, a history of angina of effort was more 
co nmon in the patients aged 50 years or more, but there was no increase in incidence of T wave 
ch :nges in such patients in this series (see below). Thirdly, the proportion of hearts with a vertical 
el strical position, was rather higher in the younger age group, but in the series as a whole the 
pe ients with vertical hearts (35 in all) did not differ significantly from the remainder in the incidence 
of high voltage or S-T and T wave changes. Finally, the older patients tended to have more 
dy _pneea on effort, and in the series as a whole T wave changes were more common in patients with 
th ; symptom (see below). This would only affect the validity of the comparison of the electro- 
ca diogram if the symptom had led to a difference in the selection of patients in the two age groups; 
it eems unlikely that any such difference occurred. 

Relationship of Electrocardiogram to Clinical Coronary Artery Disease. Patients with definite 
ek ctrocardiographic evidence of myocardial infarction had been excluded from the series, but 21 
mn and 15 women gave histories of angina of effort. The incidence of high voltage and T wave 
changes in these patients was 57 per cent and 76 per cent, respectively for the men, and 33 per 
cet and 60 per cent respectively for the women—figures not dissimilar to those for the whole 
series (Table I), apart from the lower incidence of high voltage in the small group of women with 
coronary artery disease. The level of diastolic blood pressure in these patients with angina was 
very similar to that in the series as a whole. 

It seems reasonable to suppose that if myocardial ischemia were the cause of the T wave changes 
of left ventricular strain, then the patients with angina would have shown a particularly high inci- 
dence of such changes: this did not occur. The total number of such patients, however, was 
comparatively small, and no conclusions can be drawn. 

Relationship of Electrocardiogram to Retinal Changes. As in a previous study (Simpson and 
Gilchrist, 1958) there was again found to be quite a close relationship between average diastolic 
blood pressure and retinal grade (Wagener and Keith, 1939), and between retinal grade and incidence 
of electrocardiographic abnormalities (Table V). It seems probable that both the incidence of 
retinal changes and the incidence of electrocardiographic abnormalities are partly dependent on 
the level of the diastolic blood pressure. However, in patients with average resting diastolic blood 
pressure below 120mm. Hg, the group with retinal grades III and IV differed from the group with 
retinal grades O-I and II in having a considerably higher incidence of high voltage (y2=4-68, 
p<0‘05) and T wave changes (y2?=7-74, p<0-01): the patients with retinal grades III and IV 
tended to be considerably older, only 3 out of 25 being below the age of 50, as compared with 31 
out of 72 below the age of 50 in retinal grades O-I and II. This difference is significant at the 
5 per cent level (y2=6-56, p<0-05). 

It seems likely that older patients develop severe retinal changes at lower levels of diastolic 
blood pressure than do younger patients. It has already been shown in an earlier section that the 
incidence of T wave changes increases with age; it may therefore be that the high incidence of 
S-T and T wave abnormalities in patients with severe retinal changes and comparatively low 
diastolic blood pressure is partly due to their high average age. It is difficult to explain the increased 
incidence of high voltage on this basis however. 

Relationship of Electrocardiogram to Body Weight. No consistent relationship between body 
weight and electrocardiographic changes could be found, and patients who were 10 per cent or 
7 
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more below average weight for their height, sex, and age did not show any significant increase n 
incidence of high voltage; such an increase might have been expected to occur in view of the findi ig 
of Selzer et al. (1958) that marked loss of weight is commonly present when a patient without | ft 
ventricular hypertrophy shows high voltage in the electrocardiogram. 

Relationship of Electrocardiogram to Cardiac Functional State. No normal electrocardiogra: 1s 
were found in a group of 16 male and 13 female patients who gave a history of paroxysmal nc : 
turnal dyspnoea or who were in congestive heart failure. Eight of these men and 2 of the wom.n 
were under 50 years of age. The incidence of high voltage and T wave changes was 69 per cc it 
and 100 per cent respectively for the men, and 69 per cent and 69 per cent respectively for t ie 
women. 

Twenty-five men and 23 women had no abnormal dyspneea on effort (Cardiac grade I, N. w 
York Heart Association, 1947), while 30 men and 63 women had dyspneea on moderate exertion 
but no anginal pain (Cardiac grade II). There was little difference in the incidence of high voltaze 
in the two groups, but there was a considerable difference in the incidence of T wave changes in tie 
men with dyspnoea (87 per cent) compared with the men without dyspnoea (44 per cent). Tie 
difference was much less in the women (62 per cent in the patients with dyspnoea and 52 per 
cent in those without dyspnea). As mentioned above, the patients with dyspnoea tended to be 
older than those without dyspneea. 

Differences between the Sexes. The differences between the two sexes were on the whole 
small, in spite of the fact that the men tended to have more severe vascular disease, as far as this 
could be assessed by their retinal condition. The men, however, did show a slightly higher 
incidence of T wave changes at all levels of resting diastolic blood pressure (Table IIA). The 
men also showed a closer relationship between dyspnoea on effort and the incidence of T wave 
changes. 

The women showed a less consistent relationship between the incidence of electrocardiographic 
abnormalities and the lowest sleeping diastolic blood pressure (Table IIIB). No reason could 
be found for this. The women showed a particularly close relationship between average resting 
diastolic blood pressure and the incidence of high voltage (Table IIA). 


4 


DISCUSSION AND CONCLUSIONS 


The analysis of this series of patients has shown that the incidence of each of the electrocardio- 
graphic changes ascribed to left ventricular “overload” rose with increase in diastolic blood pressure. 
When the blood pressure was very high, the electrocardiogram usually showed both high voltage 
and T wave changes. At lower levels of blood pressure, however, either of these abnormalities was 
often present alone. 

The information that can be gained from the present series concerning the cause of electro- 
cardiographic changes in hypertension is necessarily somewhat limited. It is generally agreed t).at 
high voltage is a sign of increase in thickness of the left ventricular wall (although the effect of tiiis 
is known to be modified by the thickness of the chest wall), and the present findings are in conforn ty 
with this. There is less agreement about the cause of the T wave changes, however. These w re 
ascribed by Barnes and Whitten (who apparently were the first to use the term “ventricular strai.” 
in 1929) to a drop in pH of the fatigued muscle cell. More recently, a relative myocardial ischer ia 
(Leishman, 1951) and a loss of potassium from the “strained” muscle fibres (Goldberger, 19 3) 
have been invoked as causes of the T wave changes. Such explanations appear to be required o ly 
in the case of the so-called “‘ primary T wave changes,” that occur in the presence of normal Q ‘S 
complexes (Goldberger, 1953). T wave changes that occur in the presence of abnormally la 2¢e 
and wide QRS complexes are considered to be “‘secondary”’ to the QRS changes. The ventricv ar 
gradient, which might have been of some assistance in differentiating between “primary” < id 
“secondary” T wave changes, was not calculated in this investigation, but the fact that the peak of 
the R wave in the left chest leads was delayed more than 0-05 second in only 6 patients suggests t at 
the T wave changes were largely of the “primary” variety. The independent variation of 1¢ 
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incidence of high QRS voltage and T wave changes in different age groups confirms that these two 
a»normalities are due to some extent to different causes. It seems likely that the “‘ primary” T wave 
c ianges are due to a local metabolic disturbance, such as an increased loss of potassium from the 
n uscle cells, and this hypothetical disturbance appeared to occur more readily in the older patients 
o the present series. It is tempting to ascribe this finding to an increased degree of coronary 
aiheroma in the older age group. However, as mentioned earlier, no confirmation of such a theory 
w is obtained in the group of patients with clinical coronary artery disease (angina of effort), because 
T wave changes were not more common in these patients than in the remainder of the series. It is 
© interest that Simonson and Keys (1952) found a tendency to lower voltage in both QRS com- 
p >xes and T waves in normal middle-aged men as compared with young men, and they were 
a le to exclude obesity as a possible cause of this. 


SUMMARY 


The electrocardiograms of a series of 203 hypertensive patients admitted to hospital were 
e: amined for evidence of left ventricular hypertrophy and strain, and the results were correlated 
w th certain clinical details, namely diastolic blood pressure, sex, age, retinal grade, body weight, 
ci nical coronary artery disease, and cardiac functional state. 

The incidence of electrocardiographic changes was found to be related to the level of the average 
re sting diastolic blood pressure. 

T wave abnormalities were rather more common in men than in women, and were much 
nore common in patients over the age of 50 than in patients under 50 years. High voltage, 
however, was more common in the younger age group. 

T wave changes were not more common in patients with angina of effort than in the remainder 
o! the series. 

Both high voltage and S-T and T wave changes in the electrocardiogram were more common in 
patients with severe retinopathy (retinal grades III and IV), even if the average diastolic blood 
pressure was below 120 mm. Hg, than in patients with benign hypertension (retinal grades I and II) 
and a similar blood pressure, but this may be partly due to the fact that the patients in retinal. 
giades III and IV tended to be older. 

The significance of these findings is discussed. 


I am grateful to Dr. Rae Gilchrist, under whose charge these patients were admitted and investigated, for his 
advice in the preparation of this paper. I am also grateful to Dr. Leslie of the Department of Statistics, University 
of Melbourne, for his assistance in the statistical analysis. 
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Owing to the increasing success of surgical treatment for congenital cardiac deformities, som: 
patients who would otherwise have died will undoubtedly live to have children. The problem cf 
the inheritance of cardiac anomalies has thus become of greater importance than before. It has 
always been a question, usually posed by the parents of the defective child, whether or not another 
sibling would be likely to be similarly affected. With modern surgery a further question arises, 
namely whether the frequency of the genes responsible may rise in the population. 

The family reported here is thought to be of sufficient interest to warrant recording, since not 
only were subjects found with congenital cardiac defects throughout four generations, but these 
were Closely linked with malformations in the skeletal system (Table 1). The bony changes mainly 


TABLE I 
FAMILY TREE SHOWING DISTRIBUTION OF ASSOCIATED HEART AND BONE LESIONS. THERE IS NO CONSANGUINITY. THE 


AFFECTED WOMAN FROM WHOM ALL ARE DESCENDED IS SAID TO HAVE HAD MANY RELATIVES WITH HEART DISEASE. 
@ oR ¢ =CONGENITAL HEART AND SKELETAL LESIONS 


3 bd 
d d 
ae gece ee me ee ee ee 
3 children 3 3 é . 
died infancy d d d55 | d d a77 
é married 
d65 d54 
| | 
. é + 4 
d infancy d52 a52 
unmarried unmarried 
(Case 4) (Case 3) 
3 married + 
a4 a46 
(Case 2) 
| | | 
. 3 e 
al3 all a6 
(Case 1) 


affected the upper limbs and were almost identical in several patients. The cardiac defects, to), 
appeared to be similar in character in each patient, atrial septal defect being confirmed at autop: y 
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in one and being the probable diagnosis in the other three patients where clinical details could be 
obtained. In addition, all the patients showed a tendency to develop cardiac arrhythmias, often 
o! bizarre type. In two of them cardiac catheterization was unsuccessful and a hypoplastic vascular 
cc ndition seemed the probable cause. 

There are many isolated reports of congenital heart disease affecting more than one member of 
a amily, but it is only recently, with the analysis of large numbers of cases, that the relative frequency 
oi this occurrence has been realized. Of 2000 families in which a case of congenital heart disease 
oc curred, Campbell (1959) found additional affected members in 2 per cent. Wood (1958) found 
5 er cent in a consecutive series of 1250. Most commonly the further patients are found among 
th sibs of the presenting case, and McKeown et. al. (1953) concluded from a study of the 478 
cl Idren with congenital heart disease born in Birmingham in the years 1940-49 that the incidence 
oi such malformation is raised in sibs but not in parents and cousins of affected subjects. However, 
in the 40 families described by Campbell (1959) the additional cases lay outside the sib relation- 
sh p in 16 instances. 

On present evidence recurrence of the same type of congenital heart lesion within the family 
dc 2s not seem more likely to occur with one defect than another (Campbell, 1959). Gansslen 
et al. (1940), reviewing the subject of familial incidence, mentioned two instances where congenital 
hc art disease was found in four generations, but such reports are rare, probably partly due to the 
di ficulty of obtaining reliable information about those of the family not personally known to the 
li ing members. Hereditary factors in congenital heart disease are held to be, in the main, of 
recessive type (Cockayne, 1938; Polani and Campbell, 1955; and Campbell, 1959), but in most series 
the occasional family shows dominant inheritance, and the family that we report here is such an 
example. 


o 


CASE REPORTS 


Case 1. A girl, now aged 13, was first seen at the age of 2, when she was thought to show undue fatigue. 
Normal activity has never caused dyspnoea, but she is subject to bronchitis, and had hemoptysis on one 
occasion six years ago. 

Clinical Features. Cardiovascular. Normal development and intelligence. No cyanosis or finger 
clubbing. Cardiac impulse of right ventricular type and felt in the anterior axillary line; pulmonary systolic 
murmur of grade 3 intensity accompanied by a faint thrill. Pulmonary second sound showing normal 
splitting and accentuated. Blood pressure 115/65. Radiologically there was moderately severe cardiac 
enlargement mainly of the right ventricle, with increased pulmonary vascular markings and slight hilar 
pulsation (Fig. 1A). The electrocardiogram showed a wandering pacemaker and nodal escape, alternating 





Fic. 1.—A, B,and C. Teleradiograms of Cases 1,2, and 3 respectively, showing similarity in cardiac silhouette and 
lung fields. 
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with periods of sinus rhythm with a P-R interval of 0-22 sec. There was right axis deviation but no evidei ce 
of hypertrophy (Fig. 2A). Cardiac catheterization was attempted but the catheter could not be introduc 2d 
owing to extreme hypoplasia of the arm veins. Difficulty was experienced in puncturing the femo al 
artery, which also appeared to be hypoplastic. 
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Fic. 2.—(B) From Case 2. Vertical heart. Sinus bradycardia 


Fic. 2.—Electrocardiograms. (A) From Case 


1, showing right axis deviation, wandering 
pacemaker, and nodal escape, alternating 
with periods of sinus rhythm during 
which the P-R interval reaches 0-22 sec. 
(lead V4). 







and occasional interpolated vetricular ectopic beats and 
nodal escape. Bi-ventricular strain. (C) From Case 3, 
P-R interval 0-28 sec. Bifid P waves inverted in leads I, V5, 
and V6. A prominent U wave in most leads and sinus 
bradycardia. 



















Skeletal. There was a congenital anomaly of the thumbs which lay in the same plane as the fingers, their 
terminal phalanges being curved inwards (Fig. 3). The arch of the palate was high. Radiologically ‘he 
scaphoid bone in both wrists was more longitudinal than normal. The carpal bones were generally slender. 
The left first and second metacarpal bones were elongated. The phalanges were rather short. The thunb 
on each side showed a rudimentary middle phalanx identical with that seen in the left hand of Case 2. 
This was a congenital dystrophy of bone. 

Case 2. The mother of Case 1, aged 46, had been known to have heart disease since birth. She un¢:r- 
went uneventful pregnancies in 1945 and 1947, and the last in 1952 was complicated only by mild hyy :r- 
tension near term. She was free from symptoms until two years ago when slight effort dyspnoea was { rst 
noticed. 

Clinical Features. Cardiovascular. Acyanotic. Right ventricular type of cardiac impulse felt | ist 
outside the mid-clavicular line. Blood pressure 145/80. A systolic murmur of grade 3 intensity | st 
heard over the third left intercostal space close to the sternum, not accompanied by a thrill. Radiologica ‘y, 
enlargement of both ventricles and of the pulmonary outflow tract, with increased vascular marking: in 
the lung fields (Fig. 1B). The electrocardiogram showed a vertical heart with biventricular strain, < 1d 
sinus bradycardia with occasional interpolated ventricular ectopic beats and nodal escape (Fig. 2B). At 
cardiac catheterization conditions similar to those found in Case 1 prevented introduction of the cathe °r. 
Dye dilution curves were apparently normal. 

Skeletal. Deformity of the hands, clinically almost identical with that of the daughter, was pre: nt 
(see Case 1). Radiologically the left hand and forearm showed that a congenital dystrophic condition ad 
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resulted in irregular growth of the ulna and the radius. The radio-carpal and radio-ulnar joints were irre- 
gular. The scaphoid had developed in two parts and the proximal of these showed an aseptic necrosis 
p-obably resulting from trauma and predisposed to by impaired nutrition. The lunate bone was deformed 
and its radial surface peaked. The phalanges were short and an accessory middle phalanx had developed 
ir the thumb. There was hypoplasia of the first metacarpal. The right side shows minimal changes 
sinilar to those on the left (Fig. 4). 











iiG. 3.—Left hand of Case 1, showing congenital Fic. 4.—Left hand of Case 2, the mother of Case 1, 
anomaly of the thumb. The thumb lies in the showing similarity of the deformity of the thumb. 
same plane as the fingers, and the terminal 
phalanx points inwards. 


Case 3. The unmarried sister of Case 2, aged 52, was known to have had heart disease since birth, and 
had always been moderately dyspneic on effort. In recent years she had developed recurrent bronchitis. 

Clinical Features. Cardiovascular. Acyanotic. Cardiac impulse ill-defined. Blood pressure 140/85. 
Pulmonary systolic murmur of grade 3 intensity, accompanied by a thrill. Radiologically the cardiac 
silhouette suggested atrial septal defect (Fig. 1C). The electrocardiogram showed bradycardia with a P-R 
interval of 0-28 sec. and bifid P waves inverted in the apical leads and standard lead I. A prominent U wave 
was present in most leads (Fig. 2C). A subsequent record has shown auricular fibrillation. 

Skeletal. There was dorsal kyphosis and sternal depression, with inability to elevate the arms above a 
right angle,-suggesting Sprengel’s deformity. The bone structure was radiologically normal apart from a 
minor anomaly of the medial end of the left clavicle. 

Case 4. The unmarried brother of Cases 2 and 3, aged 52 was admitted to hospital with pulmonary 
cedema, having noticed increasing effort dyspnoea for six months. For the past three weeks he had been 
having attacks of paroxysmal nocturnal dyspnea. He died suddenly two days after admission. 

Clinical Features. Cardiovascular. Dyspneic and slightly cyanosed. Cardiac rhythm irregular, 
apex rate 120 a minute. Apical impulse of right ventricular type felt in the mid-axillary line, with basal 
systolic ejection murmur and wide splitting of an accentuated pulmonary second sound. Congestive heart 
failure was present. Radiologically there was gross cardiac dilatation with bilateral pulmonary congestion. 
He had atrial fibrillation with multifocal ventricular ectopic beats together with right ventricular hyper- 
trophy and right bundle-branch block. 

Skeletal. The right hand showed malformation similar to that seen in Cases 1 and2. Inaddition, the left 
forearm was shortened and curved, the hand having ulnar deviation and only four digits. 

Autopsy. The heart weighed 850 g., there being great dilatation and hypertrophy of both right atrium 
and ventricle. A smooth-walled circular defect, 3 cm. in diameter, was present in the interatrial septum in 
the position of the foramen ovale. The lowest point of this orifice was situated 2:5 cm. above the attachment 
of the aortic cusp of the mitral valve. 


DISCUSSION 


Although the incidence of congenital heart disease in the sibs of affected patients is probably 
not greater than two per cent, it is higher than that calculated for the general population. Never- 
theless, the frequency is not so high as to suggest that heredity plays the decisive part. The 

















240 HOLT AND ORAM 


incidence in the parents of the propositi, namely the first children found to have heart disease i 1 
each of the families, is not higher than in the parents of the controls. In only one series (Lar / 
et al., 1957) was the amount of parental consanguinity significantly higher in the disease group tha 1 
in the controls. 

The weight of evidence seems to favour both genetic and environmental factors. It has bee : 
suggested that autosomal recessive genes are primarily responsible for the various lesions, but ar : 
of low penetrance so that they produce the lesions only under the influence of certain environment: | 
factors or under the influence of genes at other loci (leader in Brit. med J., 1959, 1 704). Howevei, 
our family showed inheritance of Mendelian dominant type. 

Recurrence of the Same Cardiac Malformation. Writing of congenital malformations in genera , 
Murphy (1936) concluded from a study of 884 families that if a malformed child possessed a mai- 
formed relative the defects were identical in 41 per cent of the cases. Similar studies in relation 
to congenital heart disease can be misleading if based on clinical data only, as the diagnosis often 


remains uncertain without special investigations. This may account for the wide divergence of 


opinion concerning the frequency with which the same cardiac malformation recurs. For example, 
Taussig (1947) gives an incidence as low as 2 per cent, while Wood (1958) writes that when congenita! 
heart disease occurs in more than one member of a family it is nearly always of the same kind. 
Campbell (1959) found that the malformations were of the same or similar type in 26 out of 40 
families in whom there was more than one patient with a congenital cardiac malformation. 

With a view to providing more satisfactory material for studies of the hereditary factor, Davidsen 
(1958) makes a plea for the routine registration of the family history in cases of congenital heart 
disease, and the provision of detailed diagnostic data when familial cases are reported. It was with 
this need in mind that the patients under our care were submitted to cardiac catheterization, but 
unfortunately this proved technically impossible in the two on whom it was attempted, owing to 
vascular hypoplasia which appeared to be part of the clinical syndrome. Clinically and radio- 
logically all four of our patients appeared to be suffering from the same lesion, and in one of them 
the presence of an atrial septal defect was confirmed at autopsy. 


Associated Non-cardiac Malformations. In patients with congenital heart defects the incidence of 


associated malformations was estimated at 21 per cent by MacMahon et al. (1953). “The discovery 
of the family reported here with its associated cardiac and skeletal malformations prompted us 
to search the case records of King’s College Hospital for other examples of this association. Our 
findings are summarized in Table II. Ten of the fourteen patients had deformities affecting the 
upper limbs, but in only three was this the sole skeletal anomaly. In five there were also congenital 
lesions other than cardiovascular. This group did not yield any further examples of atrial septal 
defect, the cardiac lesion being patency of the ductus arteriosus in five, ventricular septal defect in 
four, and miscellaneous lesions in the remainder. 

The numbers are, of course, too small to have any statistical significance but certainly our 
findings do not concur with those of Oppenheimer et al. (1949) who observed several cases of rar 
anomalies of the osseous system associated with a cardiac malformation which was invariably a 
atrial septal defect, with or without mitral stenosis. In his autopsy series of 200 cases Wilani! 
(1956) found pure atrial septal defect to be the lesion most commonly accompanied by extra- 
cardiac defects, which were present in half the cases. However, there were no patients with atri: 
septal defect among the five examples of congenital heart disease associated with malformatior 
of the hands reported by Calo (1953); in two the diagnosis was ventricular septal defect and in 
third Fallot’s tetralogy. This is of interest in view of Wood’s (1958) observation, based on 
consecutive series of 1250 cases of congenital heart disease, that in seven out of eight instance ; 
deformities of the limbs were associated with ventricular septal defect, and that the three cases wit 
polydactyly each had Fallot’s tetralogy. In face of these different findings it must be conclude 
that present evidence does not show any constant association between a specific extra-cardia : 
malformation and a particular type of cardiac malformation. 

In the family that forms the basis of this report, the skeletal changes were largely confined to tl : 
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FAMILIAL HEART DISEASE WITH SKELETAL MALFORMATIONS 


TABLE Il 


ASSOCIATED CARDIAC AND SKELETAL ANOMALIES 



























































; Sex | 
ong and | Heart lesion Other malformations, all but four being skeletal 
: age 

I M., 20 y. | Pulmonary stenosis * Cervical scoliosis with torticollis, cleft palate 

2 M.,3d. | Eisenmenger syndromet Talipes equinovarum. Also horse-shoe kidney 

3 F 16 y. | Patent ductus arteriosus Marfan’s syndrome 

4 F 13 y. | Patent ductus arteriosus * Arachnodactyly, genu valgum, and thoracic scoliosis. 
Also congenital strabismus 

5 F 8 y. Patent ductus arteriosus * Partial syndactyly second and third toes each foot 
clinodactyly. Also epilepsy 

6 M.,9 y. | Patent ductus arteriosus * Webbing |. hand and hyperteleorism. Also agenesis 
r. upper lobe of lung 

7 F.,4y. | Patent ductus arteriosus * Genu valgum, cleft palate 

8 F.,4y. | Ventricular septal defect Supernumerary phalanx |. thumb, slight hyperteleor- 
ism, upper dorsal spina bifida, D6 and 7, hemi- 
vertebra 

) F.,7y. | Ventricular septal defect Absent terminal phalanx |. fifth finger 

10 M., 14 y. | Ventricular septal defect Absent terminal phalanx |. fifth finger 

11 M., 15 y. | Ventricular septal defect * Brachydactyly with absent middle phalanx |. fifth 
finger, all finger-nails hypoplastic 

12 F.,2d. | Persistent ostium primumtT Absent 1. radius and thumb, and cleft palate and hare 
lip 

13 F., ll y. | Acyanotic CHD? with cardiac Ulnar deviation of terminal phalanges index fingers, 

myopathy genu valgum, and pes planus 

14 F., 12 d. | Congenital heart disease Absent femurs, spinal defects, deficient mandible, and 

cleft palate 
* Confirmed at operation. {t Confirmed at necropsy. 


hands, and osseous abnormalities affecting the hands occurred in 10 of the 14 patients with congenital 
heart disease mentioned in Table II, involvement of the feet being noticeably less common. That 
this is not a chance association is supported by the observation of Wiland (1956) that although 
anomalies of the musculo-skeletal system were extremely variable and usually multiple, malforma- 
tions of the fingers were the most common. 

The limb buds appear in the embryo in the fourth week of fcetal life, at the time when the primi- 
tive heart tube is beginning to differentiate, and the main development of both limbs and heart 
takes place simultaneously in the next two weeks (Arey, 1954). The upper pair of limb buds 
appears first and their growth is completed in advance of the lower; we suggest that this may account 
for the preferential involvement of the upper limbs in congenital defects. 


SUMMARY 


Details are given of a family in which members of four generations were affected by both con- 
genital heart disease and skeletal anomalies. In both systems the malformation appeared to be 
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of similar type in all the affected members, the former being an atrial septal defect, often accc n- 
panied by bizarre arrhythmia, and the latter affecting mainly the hands. There was also evide: ce 
of hypoplasia of the peripheral arteries and veins. The inheritance was of Mendelian domin: nt 
type. 

Among reported cases there are few examples of familial congenital heart disease involving as 
many as four generations, and hereditary factors are usually considered to be of recessive ty »e. 
Cardiac malformations affecting more than one member of a family tend to be similar in charac :r. 
Evidence is conflicting regarding the association of particular non-cardiac malformations with a 1y 
one form of heart lesion. Abnormalities of the hands, however, do seem to be particularly lia ile 
to appear in conjunction with cardiac malformations and the embryological factors that may oe 
responsible are discussed. 

In order to provide satisfactory material for further study of heredity and allied problems in 
congenital heart disease there is a need for the routine registration of a detailed family history in 
all cases, and full investigation of familial examples with a view to the establishment of an accurite 
diagnosis. 

Although too little is yet known concerning the causation of congenital heart disease for any 
preventive measures, sufficient is known for the cardiologist to be able to reassure parents who have 
had one affected child that, provided there is no other family history of congenital heart defect and 
the parents are unrelated, the chances of a further child being affected are less than one in fifty. 


We thank Dr. Ronald Hartley for kindly providing us with details of Case 4, Dr. A. M. Rackow for the radio- 
logical reports on the bony changes in Cases | and 2, and Dr. J. H. Renwick for help with the genetic aspect. 
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The diagnosis, and in many centres the surgical correction, of congenital heart disease is now 
cc nmonplace. Several large series, both clinical and post-mortem, reporting the relative incidence 
o! the various cardiac anomalies have now been published. Further, attempts have been made to 
es imate the absolute incidence of such anomalies in given populations, e.g. McMahon et al. (1953) 
ir Birmingham and Carlgren (1959) in Gothenburg. Such data, in the main, relate to temperate 
cl nes, and to persons of Caucasian stock. Elsewhere little attention has been paid to such defects 
aid ‘*. . . there is little published work on the incidence of congenital malformations of the heart in 
tropical and sub-tropical areas . . .”’ (Williams and Simpkiss, 1958). 

This paper describes and classifies, from a morbid anatomical viewpoint, the 411 cases of con- 
genital heart disease seen in 19,415 consecutive unselected necropsies performed at the General 
Hospital, Singapore, in the decade 1948-57. 


METHOD AND MATERIAL 


The data considered relevant were extracted from the post-mortem protocols and entered on 
specially prepared forms for subsequent analysis. As 17 per cent of the necropsies in this series 
were performed at the request of H.M. Coroner on children found dead, and as many of those 
admitted to the wards died less than four hours after admission, no attempt has been made to record 
clinical data. 

Singapore is a multiracial city. While theoretically one might expect that the post-mortem 
figures for a particular disease would reflect, by and large, the relative racial frequencies (Chinese 
76°5°%, Indians 8°%, Malays 12°%, and others 3-5%% in the 1957 census) in this series of 411 
cases, 400 (97°%) were of Chinese race, 10 (2-4°%) were of Indian stock, and 1 was a Malay, an 
absolute and relatively overwhelming preponderance of Chinese. 

If one examines, by race, the number of necropsies performed in Singapore, there is again an 
undue relative preponderance of Chinese, as the bodies of many Chinese children dying in hospital 
are not claimed and come to autopsy, as it were, by default. Further, for religious and other reasons 
it is much more difficult to obtain permission to examine the bodies of Indians and Malays. Thus, 
although the data in this paper relate mainly to the Chinese population, it cannot be assumed that 
the incidence in Chinese is higher than in other races. 

The relative incidence of the lesions isshown in Table III. There is no reason to think it is 
significantly different from that in other parts of the world. 


VENTRICULAR SEPTAL DEFECT 


A ventricular septal defect (V.S.D.) was found in 95 persons: 54 male (57%) and 40 female, the 
sex of the remaining one not being stated. 

The age at death was under one month in 23 per cent (11 of each sex) and between one month 
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and one year in 62 per cent (34 male (4-:0+2-6 mo.) and 25 female (5-0+2-8 mo.) ): the remaini .g 
13 were boys with ages ranging from 1 to 18 years, and 4 were girls aged between 1 and 3 yea s, 
There were 8 mongols, 6 male, 2 female. 

Abbott (1936), in her series of 1000 cases, for the 50 in which she felt the V.S.D. to be the prime -y 
lesion, gives the mean age at death as 144 years, the sex ratio being M/F=1/1-3. In this series t .c 
ratio is M/F=1/0°8. 

Right ventricular (R.V.) hypertrophy, per se, was noted in 47 cases (49°); hypertrophy of be h 
ventricles in 26 (27°%%). In those children over the age of one month, 15 showed a patent duct is 
arteriosus (P.D.A.). A patent foramen ovale (P.F.O.) was seen in another 15, and an atrial sepi.l 
defect (A.S.D.) in 5 children. Three showed both P.F.O. and P.D.A. 

Morris (1957) describes the formation of the interventricular septum at some length, dividii.g 
the defect into three types. The first lies above the crista supraventricularis, the second lies below 
and behind, while the third affects the muscular septum proper. In this series there were 93 of tne 
first two types and 2 of the third. Selzer (1949) in a review of collected cases found a defect in tie 
muscular portion of the septum in 6 of 65 hearts, but this incidence is higher than usual. 

More than half (55 cases; 58°%) died from bronchopneumonia, 4 from lobar pneumonia, 5 from 
gastro-enteritis, 4 from beri-beri, 1 from subacute bacterial endocarditis, and 5 showed further 
grave congenital abnormalities. There were no major sex differences. The true incidence of sub- 
acute bacterial endocarditis as a complication is difficult to arrive at, as published figures vary so 
widely. In clinical series such as those of Muir and Brown (1934) and Wood et al. (1954) the 
incidence is in the order of one per cent. Post-mortem figures as high as 57 per cent (Gelfman and 
Levine, 1942) have been reported. 


ATRIAL SEPTAL DEFECTS: 


To describe these defects the anatomical criteria suggested by Taussig (1947) have been followed. 

Persistent Ostium Primum. There were 4 cases of persistent ostium primum, 2 male aged 3 days, 
and 2 female, one newborn and the other two months old. All four showed patency of the ductus 
arteriosus: two showed dilatation of the pulmonary artery also and one a V.S.D. also. 

Persistent Ostium Secundum. There were 45 cases of atrial septal defect, 23 male and 22 female. 
Abbott (1936) found the mean age at death for this condition to be 29 years and Wood (1956) 
23 years. The age at death of our cases is given below. 

Under one month —38 per cent—S5 male, 12 female 
One month-1 year—S1 per cent—17 male, 6 female (3-4+2-1 mo.) 
Over 1 year —11 per cent—1 male aged 31 yr., 4 female aged 14, 3, 15, and 36 yr. 

The ductus arteriosus was patent in 22 cases. The R.V. was hypertrophied in 38 (84°), and 
was noted to be dilated in a further five; no change was noted in the other two, who died at birth. 
Hypertrophy of the R.V. is to be expected with a left-to-right shunt of any size. It is notewort‘y 
that no fewer than 10 of the 14 infants who died at the age of seven days or less showed mark::d 
R.V. hypertrophy, but it seems difficult to imagine that hypertrophy gross enough to merit 11¢ 
attention of the pathologist could appear in the course of one week or less, and the normal increas d 
relative thickness of the R.V. at birth may have been mistaken for hypertrophy. 

Bronchopneumonia was the commonest associated disease (56°%). There were two cases >f 
duodenal atresia, several of gastro-enteritis, beri-beri, and severe anemia with ankylostomiasis. 

Lutembacher’s Syndrome. There was only one case—a 28-year-old Tamil Indian woman. T : 
heart weighed 550 g. and showed gross hypertrophy and dilation of the right side. A button-h: e 
type of mitral stenosis was present, the A.S.D. was 2-7 cm. in diameter, and the pulmonary art: y 
was dilated and atheromatous. 

Nadas and Alimurung (1952), from post-mortem material, found the incidence to be 6 per ce ‘¢. 
Wood (1956) in his clinical material found the incidence as low as 0-3 per cent. The low incide: ¢ 
in Singapore is not due to an absence of rheumatic heart disease (Muir, 1958). 
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PATENT DUCTUS ARTERIOSUS 


Various figures are quoted for the normal time of closure of the ductus arteriosus. Wood 
(1°56) suggests six weeks, while Schnitker (1952) states that patency of the ductus may be considered 
a1 ormal finding through the first year of life. In a survey of 200 consecutive unselected autopsies 
pe. formed by the author on Chinese children under the age of one year the mean age of closure was 
foind to be 16-:0+4-1 days. For the purposes of this paper the presence of a P.D.A. in a child 
un ler the age of one month was considered normal. 

There were 47 cases of P.D.A., 19 male and 18 female cases (in all 78°%) died between the ages 
of »ne month and one year, the mean age at death being respectively 2°9+2-1 mo. and 3-442:3 mo. 
Th:re were 5 males between the age of 1 year and 50 years, 5 females between 1 year and 24 years. 

A P.F.O. was found in 40 per cent. There was R.V. hypertrophy in 22, L.V. hypertrophy in 6, 
an . hypertrophy of both chambers in 4 cases. There were 24 deaths from bronchopneumonia, 4 
frc n gastro-enteritis, 5 from other infections, and 2 from beri-beri. 


COARCTATION OF THE AORTA 


There were 19 cases of coarctation of the aorta, 10 male, 9 female. To describe them, the classi- 
fic tion of Wood (1956) has been followed. 15 cases, 6 male and 9 female, whose ages ranged from 
5 cays to 44 years showed coarctation at the isthmus, i.e. between the left subclavian artery and the 
sit. of the ductus arteriosus. 

Of these, 9 showed a V.S.D., 1 an A.S.D. The ductus arteriosus was patent in 14, and partially 
closed in 1 case. One showed an active rheumatic carditis, another a small aneurysm of the ascend- 
ing aorta, and another a similar swelling at the start of the innominate artery. This latter case 
showed areas of cystic medial necrosis, with small areas of degeneration and disruption of the elastic 
tissue, and dilated vascular channels penetrating into the media from the adventia: although there 
was no mention of any of the usual concomitant stigmata, such as arachnodactyly, this appearance is 
highly suggestive of the aortic lesions found in Marfan’s syndrome (McKusick, 1955). All 10 
showed right ventricular hypertrophy. The left ventricle was moderately hypertrophied in only 
two—findings in keeping with those of Wood (1956). 

One girl, aged 1 year, showed a lower dorsal coarctation extending over 15cm. This appeared 
to be a true congenital coarctation. 

Left ventricular fibro-elastosis was observed in only 2 cases: they had been described from this 
standpoint, with 15 others, elsewhere (La’Brooy, 1956). Despite the frequency of bicuspid aortic 
valve in other reported series—Abbott (1928), 24 per cent and Reifenstein et al. (1947), 42 per cent— 
the only associated abnormality was the absence, in one boy, of the left kidney. Bronchopneumonia 
was found in six of the children. 

The three adults were men, aged 32, 39, and 55 years. The first had a lower dorsal coarctation 
and died by cardiac tamponade after retrograde dissection of the ascending aorta. The second, 
whose coarctation was at the isthmus, died with a coronary thrombosis. The third, with a pre- 
subclavian coarctation, had also aortic stenosis. 


AORTIC STENOSIS 


There were 10 cases of aortic valve lesions, 7 male, 3 female. Three of the male cases were aged 
11, 18, and 47 years: the remainder, both male and female, 3 days to 3 months. 

There was only one case of subaortic stenosis occurring in a man aged 18 who died while cycling. 
The heart was grossly enlarged, weighing 730 g., with both ventricles dilated and hypertrophied. 
There was a large patent ductus arteriosus. The aortic valves appeared normal, but both coronary 
Ostia were very small. The anterior wall and apex of the heart showed a recent infarct, but no 
thrombus was demonstrated in the coronary vessels. As far as the author is aware this is a unique 
Case. 

The remaining cases all showed a valvular type of stenosis. The salient features in the 7 infants 
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was not as might be expected, hypertrophy of the left ventricular wall, but rather hypertrophy 2 id 
dilatation of the right ventricle due no doubt to the presence of a large P.D.A. 

One boy, aged 3 days, showed transposition of the great vessels, a valvular stenosis of the tra. s- 
posed aorta, and fibrous atresia of the pulmonary artery: there were in addition a large P.D.A. aid 
an 0-5-cm. V.S.D. 

The boy, aged 11, had a hypoplastic aortic arch associated with a bicuspid valve. The ot! er 
valves were normal, there being no histological evidence of rheumatic disease in the affected va /e 
which had thick rolled edges. Although it is impossible to exclude a rheumatic process, st :h 
thickening may be due to a secondary process (Edwards, 1953: Linnel, 1945). 

The remaining adult showed four cusps to the aortic valve, two being tightly fused toget! er 
along the free edge causing a relative stenosis: the remaining two cusps showed numerous fenest: a- 
tions. There was no thickening or calcification in any cusp. While again it is impossible to 
exclude a rheumatic process, it is thought that this lesion was congenital in origin. 

All 7 infants died with an associated bronchopneumonia. 

Many authors used to be of the opinion that sub-aortic stenosis was the more common congeniial 
lesion (Taussig, 1947). Others have found a high incidence of the valvular type (Campbell aid 
Kauntze, 1953; Kiloh, 1950). In this series, as 7 of the cases were under three months, a rheumatic 
cause for the stenosis can almost certainly be ruled out. 


PULMONARY STENOSIS 


There were 33 cases of pulmonary stenosis, 20 male and 13 female. There were 6 deaths of 
babies under one week of age, and 4 over one year. For the remaining 23 (70°) the mean age at 
death for the 9 girls was 5-1+2-3 months, and for the 12 boys, 3-8+1-1 months. The incidence of 
the various types of stenosis is to be found in Table I. There was no significant age difference 
between those with a partial and those with a complete stenosis. 


TABLE I 
THE VARIOUS TYPES OF STENOSIS FOUND IN 33 CASES OF PULMONARY STENOSIS 

















Location Male Female Total Percentage 
Partial valvular eI 7 7 14 42 
Complete valvular an 10 4 14 42 
Pulm-art. narrowed .. | 1 1 2 6 
Infundibular_ .. oy, a 1 1 3 





Pulm-art. obliterated or 
partially closed by 
fibrous ridge just 
above valve .. ae 2 — 2 6 





In this series, it was possible to make out some vestiges of valve cusp structure, in ten (71‘ , 
of those with a complete stenosis of the valve. In those with a partial stenosis the valve cusps w © 
distinguishable in all but one, most of the cusps showing moderate thickening. 

The single case of infundibular stenosis was of the first type of Lev (1953) where there is a fibre ic 
band at the line of junction of the conus and the sinus. This produces a stenosis or atresia of 
orifice of the conus and a large infundibular chamber. Kjellberg et al. (1955) classify this lesior 
a manner that facilitates angiographic diagnosis according to the course of the bands of the cri : 
supraventricularis. 

Two cases in this series showed supravalvular stenosis. In one the artery was complet iy 
obliterated for 0-5 cm. about 1-0 cm. distal to apparently normal pulmonary valves. The secc d 
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was like that described by Kjellberg et a/. (1955) with a shelf-like rigid septum 1-0 cm. above the valve 
wich appeared normal. 

There was some form of intracardiac shunt in 29 (88%). A P.D.A. was found in 7, an A.S.D. 
ard P.D.A. in 5, a P.F.O. and P.D.A. in 8, a P.F.O. in 6, an A.S.D. in 2, and a V.S.D. in one case. 
Tn children died with an associated bronchopneumonia and two with gastro-enteritis. 


THE TETRALOGY OF FALLOT 


There were 42 cases of Fallot’s tetralogy, 19 male (45°) and 23 female (55%). Fifty-three per 
ce it of the male, and 48 per cent of the female cases died before attaining the age of one year; 85 per 
ce it of the male and 83 per cent of the female cases had died before the tenth year. 

As the borderline between the tetralogy and pulmonary stenosis with a normal aortic root can 
be rather indefinite, only those specimens that showed clear dextroposition of the aorta are included. 
Ti is, however, is an academic point here, as there was but one case of pulmonary stenosis with a 
ve 1tricular septal defect. According to Taussig (1947), Fallot in his original paper of 1888 described 
bc th cases of pulmonary atresia and stenosis, whereas lately cases of atresia have been described 
se arately. Four such cases with atresia were found in this series. All died before the age of 
li months. In one the pulmonary artery failed to communicate with the right ventricular cavity, 
er ding blindly in the muscle, and showing no vestige of valvular tissue; in another there was atresia 
oi the pulmonary artery. In all four the ductus arteriosus was patent, supplying the lungs with 
0: ygenated blood. This particular lesion is well illustrated by Edwards et al. (1953). Kjellberg 
et al. (1955) found four such cases of atresia in their 38 cases of Fallot’s tetralogy. 

Table II shows, by sex, the various types of stenosis found in 42 cases of Fallot’s tetralogy. From 
tine to time widely different figures for the distribution of the various types of stenosis have been 
recorded. Baffes et al. (1953) in a series of 42 children, most of whom were under three years of age, 
found infundibular stenosis or atresia in every case: nine showed both valvular and infundibular 


TABLE II 
THE VARIOUS TYPES OF STENOSIS FOUND IN 42 CASES OF FALLOT’S TETRALOGY 











Lesion Mean age Male Female Total | Percentage 
at death 
Valvular stenosis ve 4-4 yr. 12 11 23 55 
Infundibular stenosis . . 6:0 yr. 4 8 12 29 
Valvular & Infundibular — 1 1 2 5 
Atresia of valve os 4 mo. _ 3 3 cj 
Atresia of P.A. ne _ 1 _ 1 z 
Type not stated - _- 1 —_ 1 2 
Total .. si 3 — 19 23 42 100 





stenosis, but none had valvular stenosis alone. Brinton and Campbell (1953) in a series with a 
different age distribution found isolated valvular stenosis in 8 per cent of their autopsy material. 
In this series the incidence is very much higher. 

A bicuspid pulmonary valve was found in 5 cases (12°%); four were female; and four were 
associated with an infundibular type of stenosis. None of these showed any evidence of a bacterial 
endocarditis, in keeping with the findings of Gelfman and Levine (1942). 

One woman, of uncertain age, died shortly after delivery of a boy, weighing 2 lb.: in addition to 
the tetralogy there was a right-sided aorta. Right-sided aorta was noted in 2 others, an incidence 
of 7 percent. This figure is lower than in other series—20 per cent being not uncommon (Edwards 
et al., 1953; Donzelot and D’Allaines, 1954): Kjellberg et a/. (1955) found it in 11 per cent of 38 
cases. Several other major arterial anomalies were present (see p. 250). Complete atresia of the left 
pulmonary veins was seen in a girl who survived for 6 weeks: the veins were represented by a thin 
fibrous cord. 
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Fallot’s tetralogy is often associated with abscess formation (Gates et a/., 1947) principally n 
the brain. In this series there were 5 instances of brain abscess, all on the right side, one cerebell. r, 
the remainder parietal. A pneumococcus was grown from one, and E. coli from two othe s: 
Maronde (1950) found the commonest organism was the streptococcus. Wechsler and Kap! :n 
(1940), in a review, found such abscesses to be more common on the right than on the left, but t! is 
was not supported by Campbell (1957). 

Multiple kidney abscesses were found in one girl aged 6 weeks, and a large right lower lo ve 
solitary lung abscess in a boy aged 9 years. Subacute bacterial endocarditis was seen in 3 persc 1s 
aged between 11 and 40 years. There was one case of right superior cerebral vein thrombo: s. 
17 per cent of cases died with bronchopneumonia and 14 per cent with pathological evidence >f 
chronic heart failure: the remainder died from miscellaneous causes. There was no case of tuberc 1- 
losis, and but one mongol in this group. 

Atresia of the Pulmonary Artery. Pulmonary artery atresia was seen in 4 cases (2 male, 2 female), 
the ages of which ranged from one week to seven months. 

The pulmonary artery was represented by a cord-like structure as far as the bifurcation. Ali 4 
showed a large P.D.A. which supplied blood to the lungs via the right and left branch of the pul- 
monary artery. These vessels were noted as being rather smaller than usual. A V.S.D. was noted 
in 3 cases. 


TRICUSPID VALVE LESIONS 


There were 8 cases of congenital disease of the tricuspid valve, 2 male, 6 female. One girl, aged 
8 months had tricuspid stenosis. Both tricuspid and pulmonary valves showed severe stenosis, 
admitting a probe with difficulty. The wall of the right ventricle was thickened and the chamber small 
in size. The right atrium was slightly larger than normal, and there was a small A.S.D., 0:4 cm. 
in diameter. The pulmonary artery was hypoplastic and the bronchial arteries much enlarged. 

There were 3 cases of tricuspid atresia. In the first, a boy aged 2 years, the R.V. was very small, 


the pulmonary artery atretic, and the ductus arteriosus closed: there was a moderate sized A.S.D. 
This case corresponds to type 1a of Edwards and Burchell (1949). The second, a boyaged 3 months, 
was the same with, in addition, a V.S.D. The third, an Indian girl aged 5 years, was in essence the 
same, the right ventricle showing an unusual anomaly. In addition to being small and thick-walled, 
it was divided at its mid-point by a muscular septum at the centre of which was a small 2 mm. orifice: 
the upper chamber so formed communicated with the left ventricle by means of a 0-4-cm. V.S.D. 
and with a hypoplastic pulmonary artery by means of a bicuspid pulmonary valve. Taussig (1936) 
has stressed the underdevelopment of the right ventricle. 

Of the 37 reported cases of tricuspid atresia collected by Sommers and Johnson (1951), 28 had 
died within the first year, 3 within the second, and 6 between the ages of 2 and 5. The average age 
of the 13 cases of Wood (1956) was 9-4 years. 

There were 4 cases of Ebstein’s anomaly, all female, one aged 10 months, the others 14 years. 
The sex ratio is usually equal (Wood, 1956). The morbid picture was quite typical, the anterir 
cusps retaining some attachment to the annulus fibrosus, and the posterior losing its connecti: n 
entirely and being attached to the R.V. wall. All cases showed dilatation of right ventricle avd 
atrium, the valve ring being described as dilated in all four. All showed enlargement of the sple n 
and a P.F.O. In the three older girls there was early cardiac cirrhosis, and a large pericard 11 
effusion. 


TRANSPOSITION OF THE GREAT VESSELS 


There were 21 cases of transposition of the great vessels, 14 male and 7 female. The mean a e 
at death was 24 months, the eldest surviving to the 18th month with the aid of a P.D.A., a P.F.( ., 
and a V.S.D. 1-0 cm. in diameter. Fourteen showed hypertrophy and dilatation of the right ve - 
tricle; a P.D.A. was present in 14; a V.S.D. in 8; an A.S.D. in 2; and a P.F.O. in 7. 
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There were several associated anomalies. (1) The aorta did not give rise to the left subclavian 
artery which arose instead from the left main pulmonary artery at its point of origin. (2) There 
was complete obliteration of the pulmonary trunk as far as the bifurcation, the lungs being supplied 
by a large P.D.A. from the aorta (which arose of course from the right ventricle). (3) Both atrio- 
ver tricular valves were bicuspid in one case. (4) There was an infantile type of coarctation of the 
tra isposed aorta associated with a congenital mitral stenosis and a small left ventricle. (5) The 
vis ‘era were transposed in two cases. 

In all cases the coronary arteries arose normally behind the transposed aorta. Broncho- 
pn umonia was found in seven (33%). The mean age at death for Wood’s (1956) cases was 13 
ye: rs, the sex incidence being equal. The mean age at death in Abbott’s (1936) cases was 6 months 
for those in whom the ventricular septum was intact, and 2? years for those with a V.S.D. In this 
ser es the presence of a V.S.D. seemed to have no effect on prognosis, contrary to what is generally 
acc =pted (Schnitker, 1952; Hanlon and Blalock, 1948). 


EISENMENGER’S COMPLEX 


Eisenmenger’s complex is ventricular septal defect with a reversed (i.e. right-to-left) shunt, in the 
ab ence of pulmonary stenosis. It has been the habit in the past to attribute this reversed shunt to 
de tro-position of the aorta. As Wood (1956) points out, Eisenmenger himself was not responsible 
for this mistake and thought that any apparent over-riding was the result, and not the cause, of the 
altcred blood flow. Ina paper such as this, based entirely on morbid anatomical findings, it seemed 
be:t to describe those hearts with ventricular septal defect, over-riding of the aorta, and right 
ve:tricular hypertrophy as Eisenmenger’s complex. Pathologically it is often difficult to differen- 
tiaie between ventricular septal defect with a normal aortic root and an Eisenmenger complex with 
minimal displacement of the aorta. In consequence the number of cases of the complex in any 
purely morbid series may be rather lower than it ought to be. 

There were 16 cases of Eisenmenger’s complex, 11 male (69°%) and 5 female (31%). Of the 
former, 2 died in the first 3 days, and the other 9 between the 2nd and 16th months. Of the 
female cases, 1 died at birth, and the other 4 between the 2nd and 7th month. For this series, for 
those surviving for more than a week the mean age at death for both sexes was 4-8+4-0 months. 

Degrees of right ventricular hypertrophy ranging from moderate to gross were found in 11 of our 
cases (69°%). Ten (63%) of the cases died with an associated bronchopneumonia, 1 with lobar 
pneumonia, 1 with purulent meningitis. Another died with beri-beri, and one, aged 16 months, 
weighed 8 lb. at death. There were several other developmental abnormalities within this group: 1 
mongol, 1 with complete situs inversus, 1 with isolated dextrocardia, and 2 with anomalies of the 
digits. There were 2 cases with a bicuspid pulmonary valve, | male, and 1 female. 


TRUNCUS ARTERIOSUS 


There were 12 cases of truncus arteriosus communis persistens, 5 male and 7 female. The 
average age at death was 4-3+2-5 months, three dying under the age of 1 month, the oldest being 
10 months at death. In Abbott’s (1936) series the average age at death was 4 years. All the cases 
seen were of the true form, i.e. the pulmonary arteries arising from the common trunk carried 
blood to the lungs. A more detailed anatomical classification is given by Collet and Edwards 
(1949). As is not uncommon (Schnitker, 1952), there were 5 cases in which there was complete 
absence of the interventricular septum, producing a cor triloculare biatriatum; the remaining 7 
showed a V.S.D. An A.S.D. was noted in two cases, mitral atresia in one, absence of the spleen in 
one, dextrocardia in two, anomalies of the coronary vessels in two, and twin superior vene cave 
in one case. 

In another, the truncus descended along the right vertebral border giving off, 1-5 cm. distal to the 
arch, a left subclavian artery which passed posterior to the ceesophagus to gain the left arm. Just 
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distal to the origin of this vessel the pulmonary arteries arose, the left passing anterior to the a o- 
phagus and trachea and posterior to the ascending truncus. 
Bronchopneumonia was found in six cases and beri-beri in one. 


ANOMALIES OF THE GREAT VESSELS 


There were 7 cases, of which 5 were female. Six died under 2 weeks of age. The follow ng 
anomalies were encountered. 

(1) The pulmonary artery divided just above the valve cusps, but was otherwise normal. ~ he 
right ventricle showed an unexplained massive hypertrophy, and the upper lobe of the right |: ng 
showed numerous congenital cysts. 

(2) The pulmonary artery was enlarged, and continued, after giving off its branches to -he 
lungs, as the aortic arch, giving off the great vessels of the neck. It then continued as the thor: cic 
and abdominal aorta. The aorta, which arose normally from the left ventricle, joined the pul- 
monary artery posteriorly just distal to its pulmonary branches. There was also an associated 
duodenal stenosis. 

(3) The pulmonary artery arose behind, and to the right of the aorta, i.e. corrected transposition 
of the great vessels. 

(4) The left subclavian artery arose from the pulmonary artery. There was a V.S.D., right 
ventricular hypertrophy, and a right-sided aorta. 

(5) There were two instances of congenital interruption of the aortic arch. An enlarged 
pulmonary artery continued as the descending aorta, through the ductus arteriosus, after giving 
off its branches to the lungs: a rather small aorta arose normally from the left ventricle to supply 
the head and neck, terminating in the left subclavian artery. In neither was there a fibrous strand 
between this vessel and the thoracic aorta. Both showed high interventricular septal defects. 
Embryologically the lesion represents an abnormal disappearance of the 4th aortic arch which would 
normally form that part of the aorta between the origin of the left common carotid artery and the 
aortic end of the ductus arteriosus. Foley (1958) was able to trace only 8 cases of this particular 
anomaly, her own included. 

(7) This presented a variation of the above lesion. Two parallel vessels arose from the left- 
sided ventricle in a transposed heart. That on the left gave rise to a left common carotid, a right 
innominate, and a right subclavian artery, while that on the right supplied the lungs, continuing 
through a widely patent ductus arteriosus as a right-sided aorta. From this latter vessel the left 
subclavian artery arose. There was no communication between the two systems. The right-sided 
ventricle, which was very small, had no exit. 

Associated with Fallot’s tetralogy two major arterial anomalies were encountered. In one, the 
left subclavian and common carotid arteries arose from a common stem, and at the bifurcation of 
the 1-0 cm. long common vessel there was a large P.D.A., which joined the pulmonary artery at 
its bifurcation. In the other, the pulmonary artery continued, after supplying the lungs, via the 
ductus arteriosus and gave rise to a right subclavian and right and left common carotid arteries: 
the aorta gave off a left subclavian branch before continuing normally along the left vertebral borer. 


PERSISTENT ATRIO-VENTRICULARIS COMMUNIS 


There were 12 cases, 6 male, 6 female. Seven died between the Ist and 6th months, the man 
age being 4-0+0-8 months and the oldest 14 months at death. Abbott (1936) found in her series, ‘he 
average age at death to be 1-5 years, with a maximum of 4-75 years. In 55 cases reviewec by 
Rogers and Edwards (1948) over half died in the first year of life, and only 5 survived to the age 0: 30. 

Partial aortic ring stenosis with aortic hypoplasia was found in one case: pulmonary v ve 
stenosis with a right-sided aorta in another; situs inversus with absence of the spleen in a third c se, 
and there was one case of unilateral absence of the radius. 

Bronchopneumonia accounted for 7, and gastro-enteritis for 2 deaths. Although Moragues (1‘ 3) 
found mongolism in half his cases, only one of this group was considered to be a mongol. 
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he a>o- | Cor BILOCULARE 


There were 8 cases of cor biloculare, 6 male, with ages ranging from newborn to two months, and 
2 female, both aged two days. The common atrio-ventricular valve was attached to the right of the 
car liac apex in all 8 cases. Generally it had 4 leaflets, although one was bicuspid. A truncus 
art: riosus was present in five cases, a persistent left superior vena cava in two, and a right-sided aorta 


> 

citi in hree. 

bh There were three associated coronary artery anomalies, which will be reported elsewhere. There 

ht ing | 4 complete transposition of the organs in three cases, abdominal transposition with a left-sided 
aol a in one, and splenic agenesis, associated with transposition of stomach, pancreas and a central 

Sto che | me entery, in two cases. The cases of splenic agenesis, with several others, have been reported 

thorscie else where (Muir, 1959). Three of the infants were noted to have bronchopneumonia. 


the pul- Brown (1950) has divided cor biloculare into two main groups, one in which there is rudimentary 
sep:um formation (in other words persistent ostium atrio-ventriculare commune) and the complete 
forn with no septa. This latter group he further divides into two classes depending on whether 
thee is division of the truncus arteriosus, or whether it persists. In those cases with both aorta 
anc pulmonary artery, Brown (1950) found these vessels to be invariably transposed. The author 
>. rivht | fail -d to confirm this observation in his cases. Anomalies of venous return are very common in 
. thi: condition, particularly persistence of the left superior vena cava (Kugel, 1932). 


sOciaied 


position 





nlarged 

r giving Cor TRILOCULARE BIATRIATUM 

» supply 

$s strand | There were 8 cases of this anomaly; 4 of either sex, with ages ranging from newborn to eight 


defects. months. Schnitker (1952) divides this lesion into two groups. (1) In the first or true form, there is 
h would complete arrest of the development of the interventricular septum, with both atrio-ventricular 
and the orifices opening into a common ventricle. From this common chamber arise the aorta and 
irticular | pulmonary artery, or often a common arterial trunk. Very frequently these great vessels are 

| transposed. (2) In a larger group the heart has four chambers, consisting of the two atria, a single 
the left- | common ventricle, and a small rudimentary chamber usually situated in the region of the pul- 


_ a right | monary conus of the right ventricle. This cavity communicates with the larger being separated 
itinuing | from it by a muscular ridge. One or other or both of the great vessels may arise from this small 
the left | chamber. 

ht-sided In this series there were 3 cases of the true form (2 of which had transposed great vessels) and 


1 of the ““common”’ type, with a right-sided aorta. There were a further 4 cases that did not 
one, the | fall into either of these categories as they showed atresia of the mitral valve. Although some 
ation of | would discuss these cases separately, others regard them as having a functional cor triloculare 
rtery at | biatriatum. To the author they seem to be but a further complication of the basic lesion. 

via the Cor Triloculare Biventriculare. There were 4 cases of this rare condition, one male aged 9 days, 
arteries: | and three female, one newborn and the others aged 2 months. One showed an associated mitral 
borer. | valve atresia, the valve opening being represented by a dimple, as well as a large V.S.D. 





le mean | MISCELLANEOUS 
att ns | There were 5 cases of major anomaly of great veins, and 4 of coronary vessels, in addition to 
we 


| those associated with other defects. In view of their complexity they will be described elsewhere. 
There were 3 cases of idiopathic cardiomegaly, two boys aged 1 and 2 years, and one girl aged 5 
Yy Vv ve | years, whose hearts weighed 90, 115, and 235 g. respectively. Comparable normal values (Coppoletta 
rd ¢ se; | and Wolbach, 1933) would be 45, 56, and 85 g. 

; There was one case of idiopathic dilatation of the pulmonary artery in a girl of 3 months; one 
S(1‘ 3) | case of cor triatriatum in a boy of 3 months; and one of rupture of an aneurysm of the right posterior 
| aortic sinus in a girl of 14 years. 
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DISCUSSION 


Little has been written on congenital heart disease in Asia. In 1936 Karcher found 6 cases. of 
unspecified type, in 282 (i.e. 29%) cardiac cases seen in women and children at Canton. Ot er 
papers, such as that of Fu P’ei-Pin et al. (1958), have been confined to a discussion of the surgi al 
aspects of individual lesions. 

Hadley ef al. (1958) in a series of 2000 necropsies at Vellore, S. India, found 25 (1-3°%) w th 
congenital heart disease, representing 15 per cent of the cardiac deaths. This series is of so 1¢ 
relevance to Singapore, as many of the Indians here originated from this part of India. We hi ve 
failed to find any paper on the incidence of congenital heart disease in South East Asia, and 1 :is 
communication presents, it is believed, for the first time such data for persons of Chinese race. 11 1¢ 
paucity of published work is not difficult to understand as hitherto the attention of workers has bi en 
directed to the treatment of the tropical diseases: it is only of late that the magnitude of he 
residuum, especially tuberculosis and heart disease, has become manifest. 

It has been shown that in Singapore congenital heart disease accounts for 2-2 per cent of all 
necropsies, and for 16-0 per cent of all cardiac deaths (Muir, 1958). In 1958 congenital heart 
disease accounted for 8-4 per cent of the 1077 necropsies on children under the age of 10 years, 
yielding pride of place only to bronchopneumonia and gastro-enteritis, and it seems likely that its 
relative place on the mortality table will rise rather than fall. 

In the decade under consideration just over 400,000 Chinese children were born in Singapore. 
As some 380 with congenital heart disease under the age of 10 years came to necropsy in the same 
period, the minimum absolute incidence in Singapore is about 1 per 1000 births. Carlgren (1959) 
found that the numbers dying from congenital heart disease in Gothenburg corresponded to 2:5 
per 1000 live births. 

The stillbirth rate in Singapore is low (in 1956, 14-7 per r 1000). In this series there were 14 
stillbirths (3-4°%), and as during the same period some 8501 children were stillborn, the minimum 
incidence for congenital heart disease in the stillborn is therefore i-7 per 1000. This figure is some- 
what higher than the figure of 1 per 1000 given by MacMahon et al (1953), and is 3 almost certainly 
too low as about half the stillbirths are not born in hospital. 

The incidence of the different types of congenital heart disease, shown in Table III, seems 
much the same as in other parts of the world so there is no point in discussing the minor differences. 

In this series 19 per cent of the children died in the first week, 31 per cent in the first month, 
72 per cent in the first six months, and 83 per cent in the first year. Corresponding figures for 
Gothenberg are 35, 56, 58, and 81 percent. Gibson (1956) surveying the findings in 200 necropsies 
of congenital heart disease seen at Great Ormond St., London, found that 22 per cent died in the 
first month, 62 per cent in the first six months, and 84 per cent in the first two years. These figures 
are remarkably similar and would suggest that it is the heart lesion, rather than environmenial 
factors, that primarily determines the time of demise. Although the feeding of infants on con- 
densed milk and, as they grow older, on polished rice and the high incidence of gastro-enteritis 
and bronchopneumonia must have some effect on mortality, it seems to be very much less than the 
author had anticipated at the outset. The figures given above are at variance with those of 
Abbott (1936) which are probably not truly representative, being collected from reported casvs. 

The sex ratio in this series M/F=52/48 is much the same as in others—Carlgren (1959), 55/45; 
McMahon ef al. (1953), 53/47; Gardiner and Keith (1951), 51/49. It will be noted that, wh2n 
numbers warranted, the mean age at death, with standard deviation, has been given. Genera ly 
the boys died earlier, but not all the differences are statistically significant. 

The incidence of mongolism, 4 per cent, is rather low when compared with the figures of Carlg: 2n 
(1959; 13 per cent of his autopsied cases) but the clinical diagnosis of mongolism in Chinese is 
rather difficult. A comparable figure for Birmingham, on the other hand, was 6 per cent. 


SUMMARY AND CONCLUSIONS 
The principal morbid features of the 411 cases of congenital heart disease seen in 19,415 cc n- 
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TABLE III 
INCIDENCE OF DIFFERENT TYPES OF CONGENITAL HEART DISEASE IN SINGAPORE 
Avhor .. eo i as ay te Muir Muir Ober | Abbott | Gibson Dry 
(1959) | (1959) and (1936) | (1956) | etal. | McMahon 
Moore (1948) etal. 
(1954) (1953) 

(a) (b) (c) (d) (e) (f) (g) 

Nc of Cases 411 121 100 1,000 200 133 | 255 
Lesions 

¥.. BD. 23-1 18-1 19-0 6:2 8-5 12:0 15-3 
AS Dd. 11-9 16°5 6:0 3-3 10-0 20-0 8-6 
P.} .O. — — _- 4-0 — — 4:3 
ee - 11-4 oo — 10-5 4:5 15-0 17-6 
Ac tic Valve Stenosis 2-4 4-1 2:0 3-5 2°5 — _ 
Co retation of Aorta .. 7 4-6 8-3 11-0 8-5 4-0 12-0 10-6 
Pu nonary Stenosis (Closed V.S.) 8-0 7-6 — 3°5 2:0 — 1-6 
Fa: ot’s Tetralogy ie 10-4 7-4 4-0 8-5 20-5 9-0 4-0 
Pu nonary Atresia oa i 1:0 1-7 1:0 4-0 — — — 
Trensposition of Great Vessels 5-1 11-6 27:0 49 15-5 7:0 14-9 
Eis :nmenger’s Complex 3-9 2:5 a — 2:0 40 | “= 
Triacus Arteriosus 2:9 2°5 4-0 2:1 2:5 2-0 673 
Co umon A-V Canal 2-9 4-1 _ oa 3-0 5:0 | — 
Co. Biloculare ds 1-9 4-1 5:0 0-9 3-0 10 | 2:0 
Co. Triloculare Biatriatum 1-9 25 6:0 1-3 40 | 2:0 
Co’ Triloculare Biventriculare a 1:0 1-7 1:0 0-5 1-5 — | — 
Anom. of Great Vessels (including veins) 2:9 7-4 1:0 0-9 — 20 | — 
Anom. of Coronary Arteries .. iy 1:0 a — 1:0 — - 4:3 
Lesions of Tricuspid Valve and Ebsteein 2:0 — — 1-9 — — | 
Fibroelastosis om me ts — —— 7:0 — 75 — | —_— 
Miscellaneous 1:3 -— 6:0 34:5 13-0 5-0 8-5 





Notes on the series in Table III. 


(a) Muir (1959). Refers to the cases in this paper. 

(b) Muir (1959). The 121 cases of congenital heart disease dying at birth or in the neonatal period are tabulated 
for easy comparison with those in (c). 

(c) Ober and Moore (1955). In the period 1931-54, 1665 necropsies were carried out on stillborn infants, 
viable foetuses and infants dying in the neonatal period, at the Boston (U.S.A.) Lying-In Hospital. In this material 
100 cases of congenital cardiac malformation were encountered. 

(d) Abbott (1936). This series is drawn from the world literature and might be expected to have an undue pre- 
ponderance of rarities. Figures quoted are for the numbers classified as primary lesion in her Chart 1. 120 (12%) 
in this series died in the first month of life. 

(e) Gibson (1956). This paper describes the 200 cases of congenital heart disease coming to necropsy over 10 
years at the Hospital for Sick Children, Great Ormond Street, London. 

(f) Dry et al. (1948). 133 consecutive cases of congenital heart disease seen at necropsy at the Mayo Clinic. 

(g) MacMahon et al. (1953). This column gives the incidence of lesions as seen at necropsy (236) and at operation 
for patent ductus arteriosus (19), in a series of 633 children with congenital heart disease traced from 194,418 births in 
Birmingham (U.K.). 


secutive necropsies performed at the General Hospital, Singapore, in the decade 1948-57 are pre- 
sented. They are found, with minor variations, to be, both in the nature of the lesions and in their 
relative incidence, much the same as in reported series from other parts of the world. 

The proportion of Chinese (97%) in the series is much higher than the proportion in the general 
population (76°%%). An explanation for this discrepancy is adduced and there is no reason to think 
the incidence for congenital heart disease is higher among the Chinese than among other races. 

The minimum mean incidence of congenital heart disease in the Chinese part of the Singapore 
populace is shown to be at least 1 per 1000 births, and for all stillbirths, 1-7 per 1000. 

A comparison of the cumulative mortality rate with other series shows a remarkable similarity, 
and suggests that even in tropical areas, the heart lesion primarily, rather than environmental 
factors, determines the age of death of the affected child. 
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As long as ventilatory studies were the only approach to the problem of dyspnoea in cardiac 
pa ients, its explanation seemed to be found in pulmonary changes secondary to congestive failure 
(P abody and Wentworth, 1917). Combined ventilatory and circulatory measurements in such 
pa ients showed the problem to be more complex. Reduced ventilatory capacity appears to become 
a: gnificant factor in advanced left-sided failure only (West et a/., 1953). In cases without gross 
co igestive failure, the diminution of cardiac output interfering with a normal metabolic exchange 
to he peripheral tissue—including the respiratory centre—and the rise of pressure in the pulmonary 
va cular system institute an increased ventilatory demand. An increased ventilatory drive mani- 
fess itself in a raised total ventilation during rest and exercise. The sensitivity of the respiratory 
ceiitre to its major stimulus (Nielsen, 1936), the arterial CO, tension, should therefore be increased. 
By introducing exogenous hypercapnia under CO, inhalation and correlating different levels of 
arierial PCO, with their corresponding levels of total ventilation graphically, a stimulus response 
curve will be obtained. This relation has been shown to be linear within the range of physiological 
stimulation and response (Alexander et al., 1955; Julich, 1953; Nielsen, 1936; and Schiffer, 1949) 
(Fig. 1). The responsiveness of the centre is defined by the increment in ventilation produced by a 











Po P 


Fic. 1.—Theoretical CO -stimulus—response- 
relationship (see text). The line below the 
resting ventilation (V) is extrapolated. 


given increment in PaCO,: A V/A PaCO, (“quotient of responsiveness,’ QR) or the slope (tga) of the 
resulting line. The extrapolated intersection of this line with the abscissa represents the level of 
PaCO, reduction at which the CO ,-stimulus presumably becomes ineffective in producing any 


* Communicated to the 3rd World Congress of Cardiology, Brussels, 1958. 
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ventilatory response or the theoretical central threshold for the CO,-stimulus (Po). At any hig! : 
level of arterial PCO, (P) the actual CO,-stimulus (P—Po) is responsible for the level of ventilati 1 
(V). Responsiveness, as defined above, can be considered as the relation between ventilation a. | 
actual CO,-stimulus or: 


tga=V/P—Po 
therefore P—Po=V/tga 
and Po=V/tga 
and finally V=tga(P—Po). 


In other words, actual ventilation is the product of responsiveness of the respiratory centre and | e 
actual CO, stimulus. Hyperventilation at a given level of arterial PCO, can therefore be explain d 
either by an increased responsiveness or a decreased central threshold for the arterial PCO,. I: a 
large group of cardiac patients, Julich (1953) has found steeper stimulus response curves in compa. i- 
son with normal subjects. 


METHODS AND RESULTS 


We have used a rebreathing method, eliminating anoxic stimulation by accumulating CO, in 
pure oxygen. In this manner we have examined a group of patients with rheumatic heart disease 
amenable to surgical treatment and with no signs of congestive failure at the time of study. The 
time interval between the active rheumatic disease or onset of cardiac symptoms and the study 
was in all cases more than ten years. This report concerns the findings in a sub-group of 7 patierits 
with pure or predominant mitral stenosis (Table I). As we found a small but significant rise of 
the average total ventilation above the normal in this group (from 4-65 to 5-02 1./min./m.2BSA), we 
expected the respiratory responsiveness to be raised, that is, the stimulus response curve to be 
steeper than in normal subjects. Instead, it was found to be flattened (Fig. 2). The quotient 


TABLE I 
VENTILATION AND ARTERIAL BLOOD STUDIES 





| ‘ 
Arterial blood studies 


Resting pH Resting | PCO, | Quotient 








: | Functional| ventila- | CO, | thres- | of respon- 
Age | Lesion | classifica- tion tension | hold siveness 
tion* VE L/ mm. Hg 1./min./m.2 
gt ti —. 
min./m.2 mmHg 
under under under O>-inhalation and 


100°%% O2 | room air CO>-accumulation 





Patients with rheumatic 


lesions: 
R. 51 MS& MR Ill 5-22 7-43 32.5 22:0 0:5¢€ 
E.E 52 MS& MR Ill 5-06 7-46 33-0 23-0 0-52 
H.E 43 MS II-Ill 5-10 7-40 39-0 32:0 0-86 
LC 46 MS II 4-76 7-41 37-6 31-0 0:64 
P.K 28 MS II 4-48 7-41 35-0 31-0 1:14 
G.K. a, = 32 MS II 5:36 7-42 36°5 25-0 0-55 
ES... <« ” <A 49 MS II 5-14 7-40 40:5 34-0 0-81 
Average of 7 patients ee 43-1 5-02 7:42 36:3 28-3 0:73 
Average values of 11 normal 
subjects .. 5s si 36°6 4-65 7-41 39-9 35-5 1-12 
Post-operative values: 
G.K. sa a 32 4-82 7-42 36:8 34: 1-6! 
Se "= ee 49 4:14 7-40 42-0 


40-0 .. eT 





* According to the specification by the New York Heart Association. 
S = mitral stenosis. 
MR = mitral regurgitation. 
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of responsiveness, comparing the increase in ventilation in 1./m.2 BSA with the increase in arterial 
C:), tension in millimetres of mercury, is reduced from 1-12 in the controls to 0-73 in these patients. 
This decrease is statistically highly significant (p<0-01). 
36-3 mm. compared with 39-9 mm. Hg in the controls) and still total ventilation is raised above 
normal. This seems to be effected by a reduction of the central threshold to the arterial PCO, from 
35 mm. in the controls to 28 mm. Hg, despite the lowered responsiveness. 
stimulus response curve recalls the findings in patients with pulmonary emphysema (Alexander 
In emphysematous patients, however, arterial PCO, 
levels tend to be raised. Chronic CO, accumulation has been held responsible for the. decrease 


et al., 1955; Julich, 1953; Pauli et al., 1958). 
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VENTILATORY RESPONSE IN MITRAL DISEASE 
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Fic. 2.—Average stimulus-response curve in patients with mitral valvular 
lesions. The arrows indicate level of resting ventilation. 
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Fic. 3.—Average stimulus-response curve of two patients with mitral stenosis 


before and after commissurotomy. 


I before, and II after, operation. 
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in the respiratory responsiveness in these cases (Alexander ef al., 1955). In contrast, we have he 
a clinical entity where decreased respiratory responsiveness is connected with a low arterial C\', 
tension. 

Two of our patients were re-examined, 111 and 84 days respectively, after successful miti 11 
valvotomy. In both of them the stimulus response curves were altered in the same sense (Table ) 
and are therefore averaged in Fig. 3. They show a complete, even overshooting, reversion of t e 
pre-operative deviation from normal. Responsiveness is more than doubled (from 0°68 0 
1-70 1./min./m.2/mm. Hg) and the central PCO, threshold is raised from 32 to 39 mm. Hg, wh e 
total ventilation is normal (5-25 |./min./m.? before, and 4-48 1|./min./m.2 BSA after operation). 


DISCUSSION 


As Krogh and Lindhard (1913) have already pointed out in the case of muscular hyperpnaa, 
the changes in ventilation observed here are not due to an alteration of the respiratory stimulus bt 
to one of the respiratory centre, namely its responsiveness and threshold level. Up to the preseat 
the mechanisms responsible for these changes are only a matter of speculation. There is stroig 
evidence that besides chemical influences, such as arterial CO, tension (Schaffer, 1949), H-ion 
concentration, and bicarbonate levels (Nielsen, 1936), reflex mechanisms originating from the 
musculo-skeletal system and the thoracic organs (as in muscular exercise (Comroe and Schmidt, 1943; 
Dejours et al., 1956; and Pauli et a/., 1958) or from extra-cerebral chemoreceptors (as in anoxia (Luft, 
1941; Opitz, 1941)) determine the responsiveness of the centre. Arterial bicarbonate levels 
are somewhat diminished in our patients in comparison with normal subjects, but we have no 
evidence whether this phenomenon is primary or secondary to hyperventilation. It seems 
unlikely that H-ion concentration is considerably altered in the tissue of the respiratory centre, the 
arterial values being normal. No anoxic factor can be presumed, judging from arterial blood 
determinations. Oxygen transport and tissue CO, and H-ion concentration may on the other hand 
be altered by a diminished cardiac output. From all the data available up to now, it appears highly 
probable that multiple factors are responsible for the changes in reactivity of the respiratory centre 
in these cardiac patients. - 

SUMMARY 


The regulation of ventilation in 7 patients with pure or predominant rheumatic mitral stenosis 
was investigated by measuring respiratory response to increasing CO,-content of the inspired gases. 
Respiratory responsiveness, as defined by increase in specific ventilation produced by a given in- 
crease in arterial CO,-tension, was found to be significantly lowered in comparison with 11 normal 
subjects. On the other hand, the extrapolated central threshold value for the arterial CO,-tension 
was diminished in these patients, resulting in a slight rise of ventilation at the level of resting 
arterial PCO). 

Two patients were studied before, and 84 and 111 days respectively after, successful mitral 
valvotomy. Their respiratory response was found to be increased after operation, while the central 
arterial PCO, threshold was raised. 

The possible mechanisms of these changes in respiratory regulation are discussed. 
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Nearly fifty years have passed since Obrastzow and Straschesko (1910) and Herrick (1912) 
shi wed that sudden obstruction of the coronary arteries was the basis of status anginosus. This 
ter n for the syndrome of worsening and incapacitating angina has of late years been considered 
ob olete and it has been replaced by such expressions as pre-infarction angina, acute coronary 
ins ifficiency, or cardiac infarction. In so far as it is employed today status anginosus denotes three 
dif erent concepts: that of cardiac infarction in the sense of Herrick—increasing severity of 
att icks of angina terminating in “fatal status anginosus” (Fulton, 1956), that of frequently recurring 
an.inal pain which may necessitate “the taking of nitroglycerin 50 times daily’ (Master, 1958), 
or of intractable angina pectoris (Chevalier and Simon, 1959). Its use in this last sense is justified 
for it means an episodic clinical event becoming almost continuous through frequency of repetition 
(cf. status asthmaticus and status epilepticus). Although the functional basis of status anginosus 
is a reduced coronary flow, the term coronary insufficiency has been applied to such a variety of 
clinical conditions that it is today no more a diagnosis than angina pectoris (Scherf and Golbey, 
1954). Even less fitting is the term acute coronary insufficiency (Horn et al., 1950) for this mani- 
festly chronic malady. Admittedly, status anginosus ends generally in cardiac death, yet the clinical 
and electrocardiographic syndrome of cardiac infarction may be delayed for months or years, 
or it may not occur at all; thus pre-infarction angina (Reeves and Harrison, 1956) is a term that 
only partly describes the condition. 

The expression status anginosus is here applied to the clinical state in which there is frequently 
recurring anginal pain at rest, alleviated by trinitrin briefly or not at all, and indistinguishable from 
the pain of cardiac infarction or from its prodromal manifestations, but without the laboratory 
and electrocardiographic signs of classical cardiac infarction. Patients with this syndrome have 
coronary artery disease and have angina of effort of varying severity. Although this is disabling 
in some instances, it is less of a problem than the recurring nocturnal angina which necessitates 
heavy sedation. Anginal pain may interrupt meals, increasing the distress and impairing nutrition. 
Status anginosus comes in periods that may last for weeks during which the patient may have 
frequent attacks at rest during the day, but mostly at night. The symptoms suggest the imminence 
of infarction and this may happen in some; but others recover gradually and revert to their previous 
state of angina of effort and sporadic nocturnal angina. These periods recur and status anginosus 
may last intermittently for years; if the end is not a coronary catastrophe or sudden death, it is 
congestive heart failure. 

We have been interested in the electrocardiographic features of these disorders and in their 
correlation with the clinical symptoms. Our aim has been to find out whether or not there is an 
electrocardiographic pattern characteristic of status anginosus, and if so, how this evolves from the 
patient’s basic pattern, and what is its ultimate development. 


MATERIAL 


We have studied 20 patients in whom the leading clinical symptom was severe angina at rest, 
Suggesting cardiac infarction but not followed by the electrocardiographic signs of Q waves, 
259 





260 












possible. 


elevated R-T segments, or deep T wave inversion. 
coronary disease the basic electrocardiogram was with few exceptions abnormal. 
inclusion was a stable electrocardiogram over months or years with which comparison should 
Disorders in which the electrocardiogram might mimic the patterns of coronary dise: 
such as electrolyte imbalance, severe ventricular hypertrophy (except in Case 3), bundle-bran 
block, pulmonary infarction, pericarditis, anemia, valvular heart disease, and ectopic tachycarc : 
were excluded, and so were patients having treatment by digitalis or quinidine. 
were recorded after paroxysms of cardiac pain and compared with the basic cardiogram. T 
patients have been followed up clinically and electrocardiographically and those who are survivi 
are still under observation. 
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Since most of these patients had long-standi 


CLINICAL FEATURES 


TABLE I 
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The series comprised 16 men and 4 women; the ages ranged from 35 to 77 and more than hilf 
were over 60. Six had slight hypertension; two had severe essential hypertension, but one (Case !)) 
lost the electrocardiographic signs of severe left ventricular strain after successful sympathectomy. 


CLINICAL AND CARDIOGRAPHIC DATA IN 9 FATAL CASES OF STATUS ANGINOSUS 
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Electrocardiogram 


























































Case | Age/sex Obser- ‘Coronary ‘Duration Occur- Clinical Before | During status 
No: vation symptoms rence of signs status anginosus 
before S.A. | infarct | anginosus 
1* 67/F | 23 yr. A.E.f later | 4 months | Terminal | Terminal | Chronic | Subendocardial 
ant. sept. C.H.F. ischemia! ischemia LI-II- 
infarct. | | AVL-AVF-V3-V6 
2* | 56/M |Smth. | Ant. sept. | 3 wk (1957) | Terminal | Terminal | Ant. sept.| Subendocardial 
infarct. 5 mo (1959) | | L.V.F. | scar | ischemia LII-AVF- 
| | | Ve 
3° 54/M_ | 6 mth. A.E. | 5 days During | Hyper- | LV. | Subendocardial 
| S.A. | tensive | strain ischemia V4—-V7 
| | Sve. 
4 52/M | 14 yr. A.E. 14 yr. | Terminal | Diabetes | Chronic | Subendocardial 
| periph. | ischemia} ischemia V6-V7- 
| | art. scler.| gradual worsening 
5 54/M | 2 yr. A. E.., later | 4 wk. Died in | Terminal | Post. scar.| Subendocardial 
post. inf. | S.A. L.V.F. | ischemia V4-V6- 
| } gradual worsening 
6 | 72/M | 8mth. | Post. inf. | 3 wk. | After S.A. L.V.F. | Post. scar.| Subendocardial 
| ischemia V5-V6; 
| later post. ant. inf 
7 73/M_ | 13 yr. Disabling | 9 mth. | None Nephrosis| Lat. scar. | Subendocardial 
A.E. small | | | | | ischemia V3-V6 
lat. inf. | | | 
8 45/M_ | 10 mth. A.E. | 10 mth. | At the | Obesity | Post. inf. | Subendocardial 
begin- ischemia V4-V6 
| ning of | | for 5 mth. 
| | S.A. 
9 72/M | 9 yr. A.E. | 4 mo (1950) | Years C.H.F. | Normal | Subendocardial 
3 wk (1954) | after 2 mth. | ischemia LIII- 
and (1956) S.A. before | AVF-V6 4 years; 
| death | | later post. ant. inf 








* For necropsy report see text. 


+ A.E. = angina of effort. 
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One had diabetes; he and another had peripheral arteriosclerosis. The clinical features are sum- 
m rized in Tables I and II. One woman and eight men died. Congestive heart failure was the 
ca ise of death in five patients and in three of these it followed cardiac infarction. In five there 
w:s sudden death a few days after severe cardiac pain. Status anginosus extended over periods 
las ing from five days to ten months. 

It is difficult to establish the beginning of the syndrome for it develops insidiously from angina 
of effort, increasing gradually in severity and interspersed with sporadic attacks of nocturnal 
an tina, and ultimately reaching the state in which angina at rest and decubital angina become the 
m: in features. At this stage our patients required oral or parenteral pethidine for several nights 
a veek and additional sedation with barbiturates. Case 10 needed morphine as well during the 
mst severe attacks. These periods of relentlessly recurring night attacks alternated with weeks 
of relative quiet when light sedation was adequate. “Duration” therefore includes the periods 
of relative improvement after which further relapse occurred. Status anginosus followed closely 


TABLE II 


CLINICAL AND CARDIOGRAPHIC DATA IN 11 Cases OF STATUS ANGINOSUS 
FOLLOWED UP AND STILL UNDER OBSERVATION 





| Status Anginosus 


Electrocardiogram 
















































































Ci e | Age/sex ~ Obser- Coron. Duration Occurrence “Clinical | Fe Before During | After Outcome ; 
No: vation | symptoms | of infarct | signs S.A. | S.A. S.A. | 
| before | 
| | ; | | | 
: 10 | 50/F | 12 yr. A. at rest | 1 yr. (1947) None | yee | >. a. Reversal of | Normal T. Improved 
| | 4tyrs. cured by one after| T with | Subendo- with radio 
| (idstonw.)) sympath- | sympath- subendoc. | cardialisch.| iodine 
} | } | ectomy ectomy isch. VS— | less 
| | } v7 
aT | 62/M | 1 lyr. "Ant. sept.| 3 yr. | None None A/sep. scar | a “pe pl | T upright Improved a 
| inf. 1948.) | | | an on thiou- 
Well till | | AVF with | racil 
1956 | | subendoc. 
ischemia | 
| | | | LII-Ill- 
| AVF | 
:, ? 61/M 9 yr. | A.E. ant. | 8 yr. 3 yrs. None | Normal | Ant. sept. | No change | Improved 
sept. | | after S.A. | | isch. Later on ipron- 
| ischemia | | | subendoc. iazid 
| | ischemia | 
ee 3 | 58/M 7 yr. Ant. sept. | 7 yr. | Before S.A. | None | — a — No change | Sl. better 
inf. | | inf. | Later | on thiou- 
| | | subend. | racil 
| | | isch. 
14 | 64/F | 54 yr. | Ant. lat. | 24 mth. | 2 mo. after | Gallop. | Chron. _ Subendoc. | Ant. sept. No angina 
| | inf. } | S.A. NoCHF | _ ischemia ischemia inf. 
LII-V3-V5 
15 | 62/M_ | 24yr. None | 3 mth. 3 mths. Gallop. — Subendoc. Subendoc. No angina 
| | after S.A. No CHF | isch. Later | isch. 
| | | post. inf. worse V2- 
| | VS. Post. 
| | | scar. 
"16 | 77/M | 1 yr A.E. 4 days None None Chronic | Subend. isch.| As before A.E. 
| | ischemia V5-V6 S.A. 
“417 | 62/M | lyr. | AE 2 mth | None | None | Post. lat. | Subend. isch.| As before No angina 
| | | ischemia | VS5-V6 | S.A. 
18 | 70/F 1 yr. A.E. | 64 mth. | None | None | Normal | Sabend, tach. Normal gn 
| | for mths. on chloro- 
} | V3-V6 | thiazide 
“19 q 35/M 1 yr. | None 21 days— | After S.A. | None | Normal | Doubtful | Post. lat. No angina 
| | none for | | changes | inf. 
| Sw.then | } | | 
| 14days | | | 
20 | 55/M 24 yr. | None | 3 days | After S.A. | None | Normal Ae. injery | Tiligh lat. | No angina 
| (1956) } | | -AVL- | infarct. 
3 days | V6 | Later 
(1957) | normal 
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upon cardiac infarction in two patients; one of these (Case 13) is still alive seven years after t 
infarct, having frequent anginal pain at rest; the second (Case 8) died suddenly in status anginos 
which had persisted for ten months. Hemorrhage from anticoagulant treatment may ha 
precipitated death in Cases 3 and 8. In Case 11 status anginosus appeared after a symptomk 
period of eight years that had followed extensive cardiac infarction and it has been present in varyi 
intensity for more than two years. 

Status anginosus led to cardiac infarction in ten patients. The interval varied between five da 
(Case 3) and three years (Case 12). In Case 19 three weeks of frequent angina were followed 
five weeks of freedom; status anginosus then recurred and was succeeded within a week by cardi 
infarction. In Case 14 status anginosus preceded the infarct for two months, and followed it f 
a fortnight until a second infarction took place; thereafter the pain subsided. 

Status anginosus persisted in eight patients without infarction and these include the long¢st 
observations of 13 years (Case 7) and 12 years (Case 10). Case 7 was severely afflicted with angiia 
of effort for 16 years yet led an active life; status anginosus began nine months before dea:h 
which was caused by pulmonary cedema due to renal failure. There was never any suggestion of 
cardiac infaction. A woman (Case 10) with severe essential hypertension had status anginosus for 
one year before sympathectomy in 1948; after a successful operation she was free of angina for six 
years but since 1954 this has recurred and needed pethidine injections at least twice weekly. Case 
12 who was in status anginosus for eight years had a subtotal thyroidectomy in 1952, stellate gang- 
lionectomy in 1957, and finally pericardial poudrage in 1958 for the relief of angina. Though 
occasional patterns of ischemia were seen in this cardiogram there was never any suggestion of a 
transmural infarct. 

Clinical signs in this syndrome were few. Triple rhythm became a permanent feature in Cases 


wawnon a 


Se Q<S wD 


S.LU. 


24-4-57 Lie ei eo 





Fic. 1.—Serial electrocardiograms of Case 1, showing evolution of the pattern of subendocardial ischemia out 0 
the pattern of chronic ischemia during status anginosus. Note sagging R-T depression in standard an 
lateral chest leads, reciprocal R-T elevation in aVR, and gradual reduction of voltage in R in 1, 11, aVL, V‘ 
and V7. Last record five days before death. Necropsy confirmation of infarction of the inner two-thirds c 

the left ventricular wall and papillary muscle. 
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Fic. 2.—Serial cardiograms of Case 4. Disabling status anginosus lasting for 18 months. Last record three days 
before sudden death in cardiac pain, showing 3 mm. R-T depression in V5-V6 of a sloping pattern (cf. Fig. 1). 


14 and 15 but was not supported by any other signs of congestive heart failure; it could not be 
abolished by digitalis. Signs of congestive heart failure appeared one and two months before 
death in Case 6 and Case 7, while in Cases 1, 2, and 9 pulmonary oedema was the prelude to death. 


ELECTROCARDIOGRAPHIC PATTERNS 


The dominant feature in 14 out of 20 patients was depression of the R-T segment ranging from 
2 to 6 mm. in more than two leads, recognized for long as a sign of subendocardial ischemia or 
infarction (Master et al., 1941; Price and Janes, 1943; Yu and Stewart, 1950; Levine and Ford, 
1950; Cook et al., 1958; Levine, 1958). It was not only the depth of the depression but the shape 
of the depressed R-T segment that was observed to be characteristic in our series. This pattern 
was best seen in the lateral chest leads (VS—V7) in which the descending limb of R ends well below 
the P-R segment and continues in a short straight slope downwards. It then abruptly turns 
upward to reach the iso-electric level (Fig. 1, 2, 3, and 4). This sudden turning point could be 
mistaken for an inverted T wave, were it not that comparison with the R-T segment in anterior chest 
leads showed that the T wave was diphasic with its peak above the iso-electric line in V5 and V7. 
This squarish depression may evolve out of a convex R-T segment when left ventricular hypertrophy 
is associated, later assuming the concave form (Fig. 5). 

Though the changes were best seen in the chest leads they appeared to a lesser extent in the 
standard and limb leads, i.e. in leads I, II, and aVL. However, the limb lead most diagnostic is 
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aVR in which R-T is elevated to the extent that it is depressed in lead I (Fig. 1 and 2). Pat! o- 
logical Q waves were not a feature of this pattern; they were never seen except when they w re 
present beforehand as in Fig. 1. 
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Fic. 3.—Electrocardiograms of Case 18. Subendocardial infarction pattern persisting for one month during status 
anginosus followed by reversion to normal. Cardiac pain persisted for some time with a normal resting record, 
but improved subsequently. - 
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Fic. 4.—Serial electrocardiograms of Case 9. Square R-T depression in lead II, V4, and V6 during statu 
anginosus. Four years later pattern of postero-anterior infarct: note leads III, aVL, and V4. Died o 
congestive heart failure about two months after last record. 
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Fic. 5.—Subendocardial infarction pattern evolving out of the pattern of left ventricular strain in Case 3. Deepening 
R-T depression in leads I, II, V4, and V5 with increasing R-T elevation in aVR; transformation of convex R-T 
segment of left ventricular strain into the square R-T pattern of subendocardial infarction in V4-V5. Last 
record two days before death. 


Similar changes in posterior leads were rare. Our only example was in Case 2 (Fig. 6) in which 
an R-T depression in leads I, II, III, and aVF developed when status anginosus became worse; 
it deepened three days before death while a doubtful Q wave appeared in V5. Contrary to the 
records in which subendocardial ischemia was most prominent in lateral leads, there was no R-T 
elevation in aVR in this record of postero-basal subendocardial ischemia. 

Diminution of R voltage, emphasized as an important feature by Cook et al. (1958), was promi- 
nent in three patients who died (Fig. 1 and 2). It was not seen in the others. 

The pattern has much affinity with the square R-T depression of the positive exercise test in 
angina; in fact, it could be called a fixed exercise test-pattern. It also much resembles the effect 
of digitalis, but in this the Q—T is shortened whereas this interval is prolonged or within normal 
limits in coronary disease. Once the pattern is established it can not be exaggerated by digitalis. 
Marked R-T depression in V2-V3 sometimes appears as a reciprocal effect during the acute stage 
of posterior infarction. It may then be impossible to say if anterior subendocardial infarction has 
also taken place: if it has, the pattern will persist during the deep T phase of posterior infarction 
(Fig. 7). 

The cardiographic features of subendocardial ischemia developed out of those of posterior 
infarction (Fig. 7) in three patients, out of a pattern of chronic ischemia (Fig. 2) in three, and 
out of an extensive anterior infarction in two patients (Fig. 6 and 8). On six occasions the subendo- 
cardial ischemia patterns evolved from those of anterolateral and anteroseptal subepicardial 
electrocardiograms as in Fig. 1; evolution out of a pattern denoting left ventricular strain was seen 
T 
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Fic. 6.—Serial records of Case 2, showing gradual deepening of R-T depression and appearance of T inversion 
in posterior and lateral leads, without reciprocal R-T elevation inaVR. Tracing of 1/4/59 in final stages 
of status anginosus, four days before death. Extensive old anteroseptal scar. Necropsy showed subendo- 
cardial infarcts in the posteroseptal areas of left ventricle. 


in one patient (Fig. 5). The curves of subendocardial ischemia reverted to near normal in two 
patients as illustrated in Fig. 3; they remained unchanged or became more pronounced in seven 
(Fig. 1, 2, and 8). Transformation of the subendocardial pattern into that of chronic ischemia 
was observed in four instances, while evolution into tracings of postero-anterior infarction (Fig. 4) 
occurred in two patients. The latter both died and so did seven out of the nine in whom the pattern 
persisted or became more conspicuous. This particular pattern has been seen to exist for six days, 
eleven days, three weeks, one month, seven weeks, and five months before death. Depression of R-T 
deepened a few days before death in four patients in whom cardiograms were recorded at this stage, 
but Q waves did not appear in any of these records. 

In 2 patients out of 20 (Cases 10 and 11) the record showed reversal of direction of the T waves 
in anteroseptal and posterior leads respectively. These changes were independent of the presence 
or absence of pain at the time of recording. In Case 11 the posterior changes became later 
permanent and at this time a 14-mm. R-T depression developed in posterior and lateral leads w th 
reciprocal elevation in aVR (Fig. 8). 

An acute injury pattern in anterolateral leads which soon reverted to normal was seen in « ne 
patient only (Case 20). It appeared twice at four-monthly intervals after sustained attacks of 
nocturnal angina. Small changes in aVL which persisted when the cardiogram became otherv ‘se 
normal suggested that he may have had a high lateral infarction. 

An electrocardiogram with so little change that it could be regarded as within normal lin its 
was recorded during status anginosus in one patient only (Case 19). He was the one in who: a 
symptomless period of five weeks elapsed between this state and posterior infarction. 
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Fic. 7.—Serial tracings of Case 15. Status anginosus leading to posterior infarction. Extensive subendocardial 


in two infarction pattern followed and persisted after the healing of posterior infarct. It was therefore not a 
seven reciprocal effect. 

hemia FINDINGS AT NECROPSY 

2 Detailed post-mortem studies were available in the following three cases showing the subendocardial 
are ischemia pattern. 

\f R-T Case 1. The heart weighed 285 g. The pericardium appeared normal. In the myocardium there was 


stage evidence of a recent infarct involving the anterior wall, mainly of the left ventricle and the apex, with under- 
> | lying endomural thrombus over an area of 4cm. in diameter. The infarction involved the inner two-thirds 
of the wall of the left ventricle extending into the papillary muscle of the mitral valve. In addition there was 
evidence of previous infarction in the interventricular septum with organization and fibrosis. There was 
a severe degree of atheroma affecting both coronary arteries within 3 cm. of their origin. The walls were 
e later | calcified and the lumen had been reduced to pin point size. No recent thrombus could be found. 
is w'th Case 2. There was a scar of an old anteroseptal infarct in the left ventricle giving rise to aneurysmal 
dilatation. The entire posteroseptal region showed widespread mottling caused by recent myocardial 
in «ne | infarction. There was severe atheroma of both coronary arteries reducing their lumen to pin point. The 
cks of | tight coronary artery was occluded by recent thrombus 2 cm. from its origin. Microscopical section of the 
ery ‘se | Posterior wall of the left ventricle showed an extensive recent myocardial infarct which involved the inner 
half of the thickness of the myocardial wall (Fig. 9). The main bulk of the lesion consisted of necrotic cardiac 
muscle, showing preservation of structure but without nuclei and without inflammatory infiltration. At the 
periphery of this area there was a dense polymorphonuclear infiltration beyond which the infarcted area 
extended as a zone of hyaline muscle fibres which had lost their nuclei but were infiltrated by a few 
polymorphonuclear leucocytes. The endocardium was intact and deep to it was a band of intact muscle 
fibres not more than two or three cells thick. There was no mural thrombus and no evidence of organization 
of the infarct. 
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Fic. 8.—Serial tracings of Case 11. Reversal of direction of T wave. Changing T wave axis and deepening of 
R-T depression in posterolateral leads during status anginosus lasting 2} years. Involvement of right coronary 
artery after occlusion of the left anterior coronary artery ten years previously, as shown by scar of transmural 
anteroseptal infarct. 


Case 3. The findings were those of considerable concentric hypertrophy of the wall of the left ventricle. 
There were small infarctions of recent origin within the substances of some of the papillary muscles and one 
or two small foci of similar nature in the wall of the ventricular cavity itself (Fig. 10). The distribution of 
the foci was subendocardial in the papillary muscles (Fig. 11). In addition small areas of interstitial 
fibrosis were present in many parts of the ventricular myocardium. There was severe atheroma of the 
main coronary arteries and of their larger branches, and considerable arteriosclerosis of the smaller vessels 
within the myocardium. No ante-mortem thrombus was found in any of the coronary branches. 


DISCUSSION 


These results confirm that most patients with periods of repetitive severe angina show persis- 
tently the electrocardiographic pattern seen transiently in angina of effort and after the exercise test. 
Thus the term status anginosus as a clinical entity is further strengthened by the electrocardiographic 
background. 

The pathological basis in three of our cases with necropsy control was that of subendocar¢ial 
infarction, as found by others, with involvement of the papillary muscles in two, a point made by 
Horn et al. (1950). These areas of focal necrosis, which give the myocardium a mottled appearan> 
leave healthy or less injured zones in between; this may explain the cardiographic changes and @ so 
their erratic distribution in various leads. Fulton (1956) emphasized that the necrosis is ot 
strictly subendocardial but rather involves the inner shell of the left ventricular mycardium leavir za 
thin strip of subendocardial myocardium intact; this can be clearly seen in Fig.9 and 11. The ra ity 
of bundle-branch block, partial or complete, in subendocardial infarction is in accordance with tl 2se 
findings since the bundle branches course superficially. Cook et a/. (1958) in an extensive pat :0- 
logical study have proved that, only if the infarct involves half or three-quarters of the inner thickr :ss 
of the left ventricular wall, will the electrocardiographic pattern of transmural infarct result. In 
thin, shell-like infarcts, involving less than half of the inner thickness of the left ventricle and ab 
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Fic. 9.—Photomicrograph of section of the posterior wall of the left 
ventricle in Case 2, showing subendocardial infarct of the inner half 
of the myocardium. This is bounded by a zone of dense poly- 
morphonuclear infiltration (dark area) separating it from normal 
myocardium. The endocardium and a small band of underlying 
muscle fibres are intact, as are also the outer and subepicardial areas 
of the myocardium. 


half of its circumference, no Q waves will appear (Fig. 1). In fact, the electrocardiographic picture 
of subendocardial ischemia will be indistinguishable from that of subendocardial infarction 
except by its persistence. A gradual reversion to normal after weeks (Fig. 3) may not invalidate a 
diagnosis of patchy subendocardial infarction, since small fibrotic scars in the inner shell of the left 
ventricle surrounded by healthy myocardium may not show in the record. Small focal subendo- 
cardial infarcts may also produce cedema or injury of the overlying subepicardial areas causing 
temporary deep inversion of T waves which may mask R-T segment depression. With regression 
of the infarct, the signs of subepicardial injury disappear and the cardiogram may revert to 
near normal as in “slight coronary attacks” (Papp and Shirley Smith, 1951). The pattern of 
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Fic. 10.—Horizontal section of the heart in Case 3, showing concentric hyper> 
trophy of left ventricle, infarction of papillary muscles (dark areas), and 
minute areas of subepicardial infarction. 


subendocardial infarction may become apparent only after the regression of subepicardial injury as 
seen in five patients in the present series. 

In the face of this ample pathological evidence Prinzmetal et al. (1959) were unable to bring 
any experimental proof that R-T segment depression originates in the subendocardial areas. Where- 
as in anginal patients undergoing Beck’s operation, they found “‘islands’’ of R-T depression in 
direct epicardial leads; in dogs rendered hypotensive by bleeding, with similar findings in epicardial 
leads, the subendocardial areas explored with plunge electrodes failed to show any segmental shift. 
How far experimental conditions in dogs, which may simulate but not reproduce pathological 
events in patients, can invalidate post-mortem evidence remains doubtful. It may well be that it is 
not so much the location of the lesion as the existence of myocardial injury of varying degree, sile 
by side with relatively healthy myocardium, that is mainly responsible for the segmental shift in 
the cardiogram, well known to occur over zones adjacent to infarcted areas. 

The coronary circulation in four cases of gradually worsening angina was studied by Fulton (19*5) 
with injection technique. He demonstrated a dense network of anastomotic channels in t1¢ 
subendocardial areas as a consequence of severe narrowing or occlusion of one or both corone vy 
arteries. It is in this “zone” that focal necrosis ultimately develops: this feature distinguishes 1 1¢ 
“inner zone” or subendocardial infarction from the “‘regional”’ infarct which is the consequer ce 
of sudden occlusion of a major coronary branch. According to Bedford (1958) non-transmu al 
subendocardial infarction may occur in either circumstance. The subendocardial areas are specia ly 
vulnerable because of their remoteness from the source of blood supply, the extra work imposed uf >n 
the papillary muscles, the poorer blood supply of the endocardium as compared to the epicardiu n, 
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Fic. 11.—Photomicrograph of section of infarcted papillary muscle of Case 3. The arrows indicate the 
boundary between the infarction and healthy myocardium; the latter also extends as a thin subendo- 
cardial zone on each side of the infarct. Dark areas represent zone of polymorphonuclear infiltration. 
Mayer’s hemalum and eosin. (x 25). 


and the high intramural pressure during systole which may exceed the aortic pressure (Horn et al., 
1950). 

The evolution of coronary disease is dependent on two factors, that of thrombosis and that of 
arteriosclerosis. These influences are inter-related and the course of the malady may depend on the 
preponderance of one or the other. An increased tendency to blood clotting in patients with 
coronary heart disease has recently been shown to exist, with a gradient from angina of effort and 
“coronary insufficiency” to cardiac infarction. Thus coagulability of blood was found to be 
higher in patients with cardiac infarction than in those with angina pectoris (McDonald and Edgill, 
1950). In the majority of our patients the disease evolved gradually during the course of years 
from angina of effort, without the occurrence of major infarction, into status anginosus; in these 
cases necropsy examination showed extreme narrowing of the coronary arteries, but no thrombosis 
(Cases 1 and 3) or thrombosis as the final episode in a greatly restricted coronary circulation 
(Case 2). They belonged to the arteriosclerotic variety of coronary disease. When the two 
factors acted in sequence, thrombosis of a major coronary branch was the initial manifestation; 
after a symptomless period of months or years status anginosus developed by reason of gradually 
worsening coronary circulation in the territory of the other branch. When the two factors acted 
together status anginosus led to a major infarct within a short time. 

The pattern of subendocardial ischemia may remain unchanged even after severe bouts of angina: 
since the development of the pattern of transmural infarction is unusual, one may be induced to 
look for an extra-cardiac cause or to dismiss the pain as unimportant, all the more as it is unres- 
ponsive to trinitrin. Thus a serious diagnostic difficulty may arise. The greatly restricted coronary 
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circulation, with the lumen of the major coronary arteries reduced to pin point size, explains th se 
prolonged attacks. No help is forthcoming from collateral circulation as the pressure is low in bc h 
coronary arteries. It is only through the redistribution of blood through the subendocardial r 
work that the oxygen needs of the heart muscle can be precariously maintained. The sudc :n 
deepening of R-T depression or its increasing slope or its transformation from the flat into the squ - 
pattern are the signs of grave involvement of the subendocardial areas. When these signs appea’ d 
in our patients the clinical state became worse; six out of eight of such cases died within days >r 
weeks. The reversal of sucha record to normal was exceptional, being seen only once. In conti st 
with prolonged congestive heart failure following major coronary occlusion and classical infarcti: a, 
sudden urgent dyspneea with congestion often heralds the approach of death in these patients. 


o 
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TREATMENT 

This is a condition in which spontaneous remission is a feature of the clinical course; this mai.es 
the assessment of the results of any treatment very difficult (Table II). The only specific treatm: nt 
adopted was by anticoagulants, which might be continued as a long-term measure. Thyrvid 
suppression by thiouracil derivatives or radio-iodine treatment produced benefit on occasion. 1 he 
euphoric effects of iproniazid or of its less toxic homologue nialamide were frequently helpful. 
Long-acting nitrite preparations were useful in rare instances. Hydrochlorothiazide was success- 
fully employed against nocturnal angina. As an analgesic pethidine by injection combined with 
chlorpromazine or promethazine proved to be superior to morphine. Such small experience as we 
have had of talc insufflation into the pericardium and of sympathectomy has not been encouraging. 


SUMMARY 

Status anginosus is a clinical term denoting periods of frequently recurring anginal pain at rest, 
alleviated by trinitrin briefly or not at all, and indistinguishable from the pain of cardiac infarction 
or from its prodromal manifestation, but without the electrocardiographic and laboratory evidences 
of classical cardiac infarction. 

In a series of twenty patients the syndrome developed insidiously from angina of effort and 
gradually increased in severity into a state in which decubital angina became the main feature. 
Periods of frequently recurring night attacks alternated with periods of relative freedom. Cardiac 
infarction developed within weeks or months in half of the patients; in others status anginosus 
might persist for months or years. 

The common electrocardiographic features were those of subendocardial ischemia with sloping 
or square R-T depression which persisted until or deepened before death. Q waves never appeared 
and reversion of the record to normal was exceptional. Uncommon features were changing 
direction of T waves and the R-T elevation of the acute injury pattern. It was considered that the 
resemblance to the pattern of the positive exercise test in angina of effort further justified the term 
status anginosus. 

Necropsy studies in three cases showed subendocardial infarction caused by severe arter‘o- 
sclerotic narrowing of the main coronary arteries. Thrombosis as a secondary or terminal mani- 
festation occurred in only one of them. 

Status anginosus is the clinical counterpart of progressive arteriosclerotic narrowing of the m. in 
coronary branches so that a precarious myocardial supply can only be maintained by redistribut >n 
of blood through the subendocardial network evolved as the consequence of generalized ischer a. 
Once this area becomes involved, the state of the patient worsens; the electrocardiogram shc vs 
deepening R-T depression, but no signs of major infarction. Death may be sudden during an att: °k 
of pain or more gradual with rapidly progressing left ventricular failure. 

Treatment is essentially symptomatic and does not materially alter the course of the disease. 

We are indebted to Prof. William Symmers and Dr. J. H. Shore for the necropsy and photographs of Case 3 to 
Dr. L. J. Grant for the necropsy findings in Case 1 and the follow-up of Case 9, and to Dr. Janet E. Arnott for he 


necropsy and microphotographs of Case 2. We thank also Miss Anne Smith, Miss Pat Turnbull and Mrs. M P. 
Roche of the Charing Cross Hospital for their valuable cardiographic, photographic, and secretarial assistance. 
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The electrocardiogram in atrial septal defect is of great value, not only in the diagnosis but also 
in the assessment of the severity of the lesion. The pattern that has been designated “‘incompleie 
right bundle-branch block,” though not present in every case nor by any means pathognomonic of 
the condition, is nevertheless frequently noted. Before describing the changes in the electrocardio- 
gram following closure of the defect, we will discuss briefly the cardiogram before operation, the 
criteria of analysis, and the nomenclature that we use instead of incomplete right bundle-branch 
block. The material consists of 100 consecutive patients submitted to operation, ranging in age 
from ten months to 45 years. The surgical results have been fully reported elsewhere (Swan et ai., 
1959). 

FINDINGS BEFORE OPERATION 


The typical electrocardiogram of the secundum type of atrial septal defect shows sinus rhythm, 
though the incidence of atrial fibrillation rises with increasing age. In only 1 of the 100 patients, 
a 45-year-old woman, was sinus rhythm not present, the arrhythmia being atrial fibrillation. The 
P wave tends to be pointed, and in 36 patients was more than 2-5 mm. in height, giving an accuracy 
of just over one-third for this criterion of right atrial enlargement (Sokolow and Lyon, 1949), for 
at operation the right atrium was always considerably enlarged. The ratio of the P wave duration 
to the P-R segment duration was less than 1-0 in all 36 of these patients. The P-R interval was 
more than 0:2 sec. in four patients. The patients with the longer P-R intervals were in the older 
age group. 

Evaluation of the QRS complex offers the greatest aid in diagnosis. The QRS duration was 
0-10 sec. or less in 87 patients, 0-11 sec. in 10 patients, 0-12 sec. in 2 patients, and 0:15 sec. in | 
patient. The mean QRS axis was usually vertical or rightward. True right axis deviation (more 
rightward than + 100° on the triaxial reference system) was present in 81 per cent of the cases. 

The terminal QRS vector points rightward and anteriorly, giving an S in lead I, a terminal R in 
AVR, a terminal R’ in V3R and V1, and an S wave in V5 and V6. The QRS pattern in V1 may tal ¢ 
several forms, and these are described as follows. 


ORS Patterns in V3R and V1 


(a) rSr’ (Crista supraventricularis pattern). This pattern, shown in Fig. la, is a normal findi: g 
in children and occasionally in adults. In atrial septal defect it may be due to slight hypertrophy 1 
the region of the crista supraventricularis, and is the expression of the mildest degree of derangemer '. 
(b) rSR’ (Fig. 1b) (Right ventricular outflow tract hypertrophy). This term is used instead | f 
“incomplete right bundle-branch block” and the pattern is probably due to diastolic overloadi: 2 


* Now Registrar, National Heart Hospital, London. 
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Fic. 1.—Four types of QRS complexes that may be seen in lead V1. 


wi 1 dilatation of the right ventricle and especially dilatation and/or hypertrophy of the right 
vei tricular outflow tract. This is the next stage, and is diagnosed when the R’ exceeds 5 mm. and 
is .f greater magnitude than the S wave. 

(c) rR’ and qR (Fig. Ic and Id respectively). These are the patterns of right ventricular hyper- 
trc hy, each being expressive of a greater severity than (a) and (b). Occasionally a terminal S wave 
mey be noted. The height of the R’ in V1 is also helpful in evaluating the level of the pulmonary 
va:cular resistance, though body build influences the actual magnitude of deflections recorded in 
the precordial leads. A tall R’ in V3R or V1 usually implies a greater degree of right ventricular 
hypertrophy. It was pointed out by Wilson et al. (1947) that hypertrophy of the right ventricle 
coinbined with right bundle-branch block increased the height of the R’ in the right precordial leads. 
Study of the patterns of regression after operation reveals that this is true in atrial septal defect. 

The principles concerning the terminal vector abnormality that produces the various patterns 
seen in the right precordial leads have been expounded (Blount et a/., 1957), and constitute the basis 
for the evaluation of the pre-operative electrocardiograms of the 100 patients. The “‘crista pattern” 
was seen in 7 patients, the right ventricular outflow tract hypertrophy pattern (R.V.O.H.) in 65, and 
right ventricular hypertrophy (R.V.H.) in 28 patients. 

Fig. 2 shows the relationship between the pulmonary arterial pressure and the patterns described 
above. There is an overlap between the groups, as would be expected when there is such a wide age 
range, but on the whole the incidence of the more severe right ventricular hypertrophy patterns 
increases as the pulmonary arterial pressure rises. 
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Fic. 2.—Relationship between electrocardiographic pattern and mean 
pulmonary arterial pressure. 
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Fig. 3 shows the height of the R’ in V1 plotted against the mean pulmonary arterial pressu: :, obs 
and the same trend is noted. As shown in Fig. 4, this does not happen when the pulmonary arte y ty) 
blood flow is plotted against the height of the R’ in V3R or V1. This might be expected, since t e to 
expression for flow does not take into account the level of the pulmonary resistance. Since presst e 
is the product of flow and resistance, it would be expected to be related to the work of the rig it 
ventricle and hence the degree of hypertrophy. 
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Fic. 3.—Relationship between the height of R’ in V1 (in Fic. 4.—Relationship between height of R’ in V3R (in 
mm.) and the mean pulmonary artery pressure. mm.) and the pulmonary flow. ™ 
CHANGES AFTER OPERATION 9 
Concomitant with the postoperative diminution in the size of the right atrium, the P waves in me 
most patients decrease in size. The P-R interval also shortens in many patients. Atrial flutter 
appeared after operation in 6 patients, and proved permanent and refractory to therapy in three of vol 
these six. However, this complication leads to difficulties only if the ventricular rate is inadequately is | 
controlled. Atrial fibrillation is a common accompaniment of hypothermia and disappeared 'n rec 
all patients after re-warming. ap 
QRS Complex. The most significant postoperative changes are in the QRS complex. Tie to 
mean electrical axis moves towards the left. The S wave in lead I diminishes, as does the R n ~~ 


AVR, the R’ in V3R and V1, and the S in V5 and V6. the 
Fig. 6 illustrates three of the types of QRS complexes that are described above. The upperm< 
is the rR’ pattern with the R’ measuring 16mm. The middle complex was recorded one we 
after operation and shows the rsR’ pattern. The lower complex, taken six months later, shows t 
rSr’ pattern. These complexes represent a regression in the degree of right ventricular hypertrop 
or dilatation occurring following surgery. du 
It must not be assumed, however, that such a rapid change is usual after operation. The elect: )- 
cardiograms shown in Fig. 6 are exceptional in this respect. The tracing taken a few days af °r 
operation not infrequently shows a temporary increase in the height of the R’ in V3R or VI, p: r- 
ticularly if there are pulmonary complications. Within two months, however, definite changes < ‘¢ 
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observed and then further regression may be noted for years after operation. Fig. 5 illustrates a 
typical sequence. Note that the mean QRS axis rotates leftward (true right axis deviation changes 
to 1 normal axis) and the rSR’ regresses to rSr’ in lead V3R. 





Fic. 5.—The normal pattern of regression after closure of an atrial septal defect. 


Above: on 3/11/54, two days before operation. 
In middle: on 26/4/56, eighteen months after. 
Below: on 24/10/56, nearly two years after. 


In Fig. 8 it can be noted that the wide QRS complex of pre-operative complete right bundle- 
branch block has persisted, although it is apparent that the height of the R’ has decreased. In this 
series the two patients with complete right bundle-branch block before operation showed no 
change in this conduction defect following successful closure of the defect, despite manifest improve- 
ment in all other respects. 

It is apparent that the most constant and significant post-operative change is the decrease in 
voltage in the R’ in V1. Fig. 9 is a graph in which the amplitude of the R’ in V1 before operation 
is plotted against the amplitude after it. In the rectangle to the left, the height of the R’ in V1 is 
recorded in 91 patients beforeoperation. The general fall in the height of the R’ in V1 is readily 
apparent. When this method is applied to individual patients, the values of the R’ in V1 are found 
to lie on remarkably smooth curves, as illustrated in Fig. 7. The lower curves show the usual fall, 
and it is seen that the changes are most rapid during the first six months after operation, and 
thereafter become more gradual. The two upper curves will be discussed later. 


DISCUSSION 


It is again emphasized that the rSR’ pattern seen in V3R and V1 is probably due to dilatation 
and/or hypertrophy of the right ventricular outflow tract rather than any interruption of con- 
duction in the right bundle branch. Thus, the term right ventricular outflow tract hypertrophy 
is considered more appropriate than the term incomplete right bundle-branch block that has been 
used so frequently in the past. 

Following successful closure of the atrial septal defect, the diastolic overloading of the right 
ventricle is removed. Right ventricular dilatation is diminished and there is regression of the right 
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Fic. 7.—Curves showing the change of size of R’ in V1 (in mm.) in 
individual patients (see also Fig. 9). 





Fic. 6.—Rather quick regression of right ventricular hypertrophy. The transition from one stage to the next is 
well seen. 

Above: (2/12/54) shows the “‘right ventricular hypertrophy” pattern in V3R. Operation was on 9/12/54. 

In middle: (16/12/54) the “‘right ventricular outflow tract hypertrophy” pattern. 

Below: (27/6/55) the “‘crista”’ pattern. 


ventricular outflow tract hypertrophy. Because of these changes the R’ in V1 decreases in magnitude 
and the mean QRS axis moves leftward. 

It is not surprising that the postoperative changes should be graphically expressible by smooth 
curves, for at operation the abnormal hemodynamic situation is suddenly corrected. The electro- 
cardiogram is an accurate method, with the great merit of reproducibility, for the assessment «f 
these changes. 

When this cardiographic pattern of regression fails to occur, the reason must be explained. T! 
upper two curves in Fig. 7 illustrate this point. The upper (Case 85) is plotted from the tracings 
a patient who had severe pulmonary hypertension with a pressure in the pulmonary artery 
105/50 and a small left-to-right shunt before operation: following closure of the atrial septal defe : 
the cardiogram failed to show the usual regression and recatheterization revealed that there was 1 
longer a left-to-right shunt at atrial level, but that the pulmonary arterial pressure had not be 
lowered and was actually a little higher than before operation. The lower curve (Case 11) 
plotted from the electrocardiograms of a 12-year-old boy who was entirely asymptomatic four ye< ° 
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Fic. 8.—Electrocardiogram showing complete bundle-branch block before and 
after operation; but after operation R’ in V1 and V3 has become much 
The upper sets of each pair were taken in 1955 two weeks after 
operation, and the lower sets 30 months later in 1958. 
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Fic. 9—In the rectangle to the left are the R’ amplitudes (in mm.) before 
operation, and to the right the R’ amplitudes so many years after operation. 
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after operation. In the light of the failure of the cardiographic regression, he was brought back 9r 
re-examination, and clinical evaluation and cardiac catheterization revealed that the atrial de ct 
was still open. 

If this electrocardiographic regression is not obvious within four months after operation, in 4e 
absence of complicating factors, then the atrial septal defect is probably not completely clo: d. 
This regression occurred in all patients whose atrial septal defect was proved to be closed by clin :al 
evaluation and cardiac catheterization. In all cases where regression did not occur, a good rea 9n 
was found. 


SUMMARY 


The assessment of the electrocardiograms in atrial septal defects before and after operatio . is 
discussed. 

The changes after operation are described. Diminution in the height of the R’ wave occur. in 
all successful cases, most rapidly in the first six months and more gradually thereafter. Chai zes 
may continue for at least five years after operation. 

The rate at which regression takes place is described, and it is pointed out that the values for the 
R’ in V1 lie on a smooth curve. 

If, in the absence of pulmonary complications, this regression is not apparent within four mouths 
after operation, it must be questioned whether the defect has, in fact, been closed. 
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DETERIORATION AFTER MITRAL VALVOTOMY 
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Received August 24, 1959 


It is now more than ten years since the introduction of mitral valvotomy. The initial results 
(B: ker, Brock, and Campbell 1950; Baker ef a/., 1952) and a three-year follow-up of the first 45 
Gi y’s cases (Baker et al., 1955) have been published. We now report a larger group of 200 patients 
fol owed up for over five years, which allows a more complete assessment of the long-term benefits 
of nitral valvotomy and of the incidence of restenosis and other causes of deterioration. 

The details and length of the follow-up were as follows. In a consecutive series of patients 
ref :rred to Guy’s Hospital there were 239 operations between September 16, 1948 and November 6, 
19:3. Of these 239 patients 12 were excluded, 7 because their operation was for dominant mitral 
regurgitation, 2 because the stenosis at operation was insignificant, and 3 because follow-up was 
noi possible. There were, in addition, 27 operative deaths, a mortality of 11-3 per cent. These 39 
patients are not further considered, leaving 200 patients followed up for over 5 years after 
valvotomy, 98 for over 6 years, 36 for 7 years, and 8 for 8 years or more. 

Clinical assessment has been made at yearly intervals using the grades of disability previously 
defined (Baker et al., 1952), which are briefly: 0, no disability; 1, slight disability; 2, moderate dis- 
ability; 3, severe disability; and 4, total incapacity. Improvement of 3 or more grades is considered 
an excellent result, of two grades a good result, of one grade a fair result, and no grade of 
improvement a poor result. 

For simplicity in reviewing these patients, the good and excellent results have been classed 
together as “‘ good’’, and the poor and fair results have been classed together as “poor’’. Those who 
deteriorated after having good results for one year or longer are classed as “deteriorated.” In 
discussing the causes of deterioration they are compared with the good results who have maintained 
their improvement to date. 


RESULTS OF VALVOTOMY 


The results of operation, assessed at one year and at the latest follow-up, five or more years after 
operation, are shown in Table I. At the earlier assessment 170 patients had good or excellent 
results, or 85 per cent of those surviving operation, the same proportion as in the first 45 cases 
previously reported. At the latest follow-up, 51 (or 30 per cent) of the 170 good and excellent 
results have deteriorated and 12 have died. There were 30 patients with a fair or poor initial result; 
25 of those seen have deteriorated and 16 have died. Thus, after a follow-up period ranging from 
5to 10 years, 119 or 59-5 per cent still maintain good or excellent results; 81 or 40-5 per cent are not 
significantly better than before operation, and 28 of these have died. 


Poor Results after Operation. The following factors were responsible for the poor results initially 
in 30 patients. In 27 the valvotomy was unsatisfactory, because the stenosis was not adequately 
relieved (11 cases), was only partially relieved with the addition of regurgitation (12 cases), or 
because free regurgitation resulted (4 cases). Three others had a satisfactory valvotomy but two 


7 * Research Fellow of the American Heart Association and Research Fellow, Cardiac Department, Guy’s 
ospital. 
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TABLE I 
RESULTS IN TOTAL FOLLOW-UP PERIOD 





| Subsequent follow-up 
Clinical assessment at end of one 











year | Deteriorated | Remain the 
| same 
Poor: poor and fair results | 30 25 (16)* 5 
Good: good and excellent | 
results .. ~ ie 170 51 (12)* 119 





Total .. er - | 2 | 76 (28)* 124 





* The numbers in brackets show the number who have died. 


were disabled from the effects of embolism at operation and one from damage to the ventricle t!..t 
caused a cardiac aneurysm in a woman who already had some systemic hypertension. One paticat 
committed suicide three months after operation, and although his valvotomy was not complete ie 
might have been a good result for a limited period. Calcification of the valve was present in 14 of 
these 30 patients and undoubtedly contributed to the unsatisfactory result. All these operations 
were before 1954 when Logan introduced the technique of transventricular dilatation, which has 
proved so valuable with difficult valves (Logan, 1959). 

Deterioration after a Good Result. The proportion of patients with good results fell from 85 in 
the first to 66 per cent in the fifth year of follow-up—a steady deterioration rate of 5 per cent a year 
(Fig. 1). The more rapid deterioration rate in the sixth and-seventh years is based only on the 
earlier cases from the developmental phase of mitral valvotomy; this trend will not necessarily 
be borne out by further follow-up of the whole 200 (see addendum). 

Fig. 2 shows the proportion of patients in each grade of disability at each year of the follow-up. 
It shows that deterioration among those with good results initially has occurred predominantly in 
those who were still left with some disability. Those completely relieved of disability, grade 0, 
have shown very little deterioration so far; these patients also had more improvement in 
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YEARS AFTER OPERATION 


Fic. 1.—The proportion of patients, at each year of the follow-up, showing 
two or more grades of improvement as compared with their status before 
operation. Figures for the first five years are expressed as the percentage 
of 200 patients surviving operation. The interrupted line in the sixth and 
seventh years indicates that these figures are based on a smaller number 

of cases (see Table I). 
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YEARS AFTER OPERATION 


Fic. 2.—The status of 200 patients at each year of the follow-up, expressed 
as the percentage, showing various grades of disability. The pro- 
portion with Grade 4 disability in the follow-up has never been more 
than 1-5 per cent at any one time, too small to show in the figure. 


rac iological, electrocardiographic, and physical signs, and were more often instances of pure mitral 
ste..osis, with less evidence of generalized rheumatic heart disease than those who, though good 
op. rative results, remained somewhat disabled. 

The proportion of patients with grade 2 and 3 disability has not increased greatly, the number 
sli, ping into these grades from grade 1 being almost matched by others slipping from grades 2 and 
3 into grade 4 and dying. The mortality rate has been about 2-5 per cent each year. 

The proportion of patients with grade 4 disability has never been more than 1-5 per cent at any 
one time in the follow-up, too small to be shown graphically in Fig. 2, although 22 per cent were in 
this grade of total incapacity before operation. These patients have had more active supervision 
and medical treatment than before operation, but it is interesting that even in the face of serious 
deterioration, they have rarely reverted to the invalidism that was conventional in the past. 
Mitral valvotomy has given them a new lease of life, even if a limited one in many cases; some 
patients have remained active until shortly before they died. 


CAUSES OF DETERIORATION 


There are three reasons why deterioration may occur after valvotomy. First, the operation may 
be inadequate and some degree of stenosis remains. Secondly, the valve may restenose. Thirdly, 
factors inherent in rheumatic heart disease or general factors affecting the circulation may be 
responsible. The follow-up of the 200 patients will be considered under these three headings. 


I. RESULTS OF GOOD AND INADEQUATE OPERATIONS COMPARED 


The technical results achieved at valvotomy were independently assessed from the surgeon’s 
report made at the time and, like the clinical results, were graded from 4 or excellent to 1 or poor. 
A grade 4 result corresponds to a division of both commissures, leaving a full opening and mobile 
valve; a grade 3 result to full opening of one commissure; a grade 2 result a widening of the mitral 
orifice without full opening of either commissure; and grade 1 to at most a widening of the stenosed 
valve but not beyond the area of critical tendon insertion (Brock, 1952). Left atrial pressure 
records at operation were taken into account in this assessment, as was the production of mitral 
regurgitation; one grade was detracted from the result if significant regurgitation was left. 

The surgeon’s report correlated with the initial clinical result, and has done so with the long-term 
follow-up, as shown in Table II. Of 81 patients with a complete valvotomy without significant 
regurgitation, all had good initial results, and deterioration has occurred in only 9 during the follow- 
up. Of the 139 patients where at least one commissure was opened (grades 3 and 4), 112 have 
maintained good results so far. On the other hand, of the 61 patients in whom only a dilatation 
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TABLE II 
OPERATIVE RESULT CORRELATED WITH FOLLOW-UP 





Clinical result Operative result 











| 4 3 2 1 

Good (119) as .| 72 40 6 1 
Deteriorated (51).. | § 15 21 6 
Poor (30) .. ae | O 3 11 16 
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was achieved, 27 had poor results initially, and 27 of the 34 with good results initially hive 
subsequently deteriorated. 

The clinical assessment of a good result after valvotomy was associated with a fall in pulmonary 
arterial pressure in those who had catheterization after operation, usually at the end of one yar. 
These figures, in 71 patients before, and 47 patients after operation, are shown in Fig. 3. Every 
patient with a good clinical result who maintained improvement had a satisfactory fall; but those 
who have deteriorated after initially good results had an almost equally good fall in pulmonary 
arterial pressure. There was, moreover, little tendency for the pressure to rise again in those who 
had later catheterization after deterioration had occurred, all three years or more after operation. 
Fig. 4 shows the same tendency in the 50 catheterizations before and in the 42 after operation where 
the pulmonary vascular resistance could be calculated. Clearly a falsely optimistic view of the 
results of operation could be obtained from the pulmonary arterial pressure or pulmonary vascular 
resistance alone, particularly when this is associated with subjective and functional improvement in 
the patient. 

More reliable evidence is the pulmonary wedge pressure and calculated mitral valve area. In 
Fig. 5 catheterization before operation in 55 and after it in 39 patients shows that in those where 
good results have been maintained, the average fall in wedge pressure was considerably better than 
in those who have deteriorated following initially good results. Later catheterizations in patients 
deteriorating also showed higher wedge pressures. Similar findings are shown in Fig. 6 where 
mitral valve area is calculated from right heart catheterization in 53 patients before and 44 after 
operation. Patients with maintained good results had an increase in mitral valve area to an aver- 
age of 1-9 sq. cm., only two remaining in the range of critical mitral stenosis. Patients who later 
deteriorated after initially good results had much less improvement in mitral valve area. 

The importance of a technically successful valvotomy in the long-term clinical result is confirmed 
by these hemodynamic studies. It would appear that an incomplete mitral valvotomy may lower 
the pulmonary vascular resistance, with resultant functional improvement enough to give a falsely 
optimistic view of the operative result. The actual effect on the mitral stenosis may be slight and 
in those patients future deterioration is inevitable. On the other hand, the functional improvemznt 
resulting from a complete valvotomy was associated with improved clinical signs, and with sb- 
stantial improvement in mitral valve area as well as pulmonary artery pressure; in these paticnts 
there has not been a high rate of deterioration. 


II. RESTENOSIS OF THE VALVE 


Stenosis of the mitral valve is an inherent part of the pathological process in rheumatic h art 
disease, so that restenosis after mitral valvotomy may logically be anticipated as a cause of deteri: ra- 
tion. It is readily invoked to explain disappointment after operation, often in a period of time m ich 
shorter than the development of the original stenosis and not in keeping with the natural histor ' of 
the disease. 

Restenosis after operation is difficult to assess, and our experience in the 200 patients follo ved 
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Fic. 3.—Pulmonary arterial mean pressure, in mm. Hg referred to mid-thoracic level, in 71 patients 
before and in 47 patients after operation, grouped according to the clinical result five or more 


years after operation. 


Serial figures in the same patient are connected by dotted lines. Those 


deteriorating had nearly as good improvement at first as those maintaining good results, and 


showed little tendency to develop recurrent pulmonary hypertension later. 


Fig. 3 5, and 6 indicate patients with restenosis. 
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Fic. 4.—Pulmonary vascular resistance, in units (the difference between pulmonary arterial and 
pulmonary wedge pressures in mm. Hg divided by the cardiac output in 1./min.) in 50 patients 
before and in 42 after operation, grouped according to the clinical result five or more years 


This shows that falls in pulmonary artery pressure result from changes in the 
lungs, not merely from improvement in the mitral obstruction. 
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GOOD —~> DETERIORATION 


POOR RESULT 


Fic. 5.—Pulmonary wedge pressure, in mm. Hg, referred to mid-thoracic level, in 55 patients before 
in 39 after operation, grouped according to the clinical result five or more years after 


and in 
operation. 


Interrupted lines connect serial observations in the same patient. Those who have 


maintained their good result showed more improvement than those who have deteriorated, 
although the initial clinical results were good in both groups. 
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Fic. 6.—Mitral valve area, calculated from right heart catheterization data by the Gorlin formula, 


in 53 patients before and in 44 after operation. 
clinical result five or more years after operation. 


The patients are grouped according to the 
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up ‘s that it is not common. In 30 patients with poor results there was no clear evidence of re- 
ster osis, either at autopsy or at re-operation, in any patient; in 3 of them some restenosis may have 
occ irred in valves that were only dilated at operation, but this was not proved. Of 51 patients 
wit good initial results but with subsequent deterioration, we considered that 10 showed re- 
ster OSis, One at autopsy and nine at a second operation. Commissures previously split were found 
by | 1e same surgeon to have resealed, and a significantly greater degree of stenosis was found than was 
left at the conclusion of the original operation. In five other patients deteriorating, restenosis may 
ha\ > occurred, but we are not certain, and in none of these was restenosis thought to be the major 
cauie Of deterioration. Thus, in our series of 200 patients, there are only 10 proven and 8 possible 
exa nples of restenosis. 

The details of the 10 patients where restenosis had occurred are shown in Table III. In no 
pat 2nt was a full valvotomy with opening of both commissures and a mobile valve achieved (grade 
4result). In four, one commissure was opened (grade 3), and in the remaining six only a dilatation 
of t1e valve (grade 2) was made. In none of the 10 did the physical signs suggest that the stenosis 
wa: more than partially relieved. 


TABLE III 
DETAILS OF PATIENTS WITH RESTENOSIS 








Age at op. Operative Year when | Year of Other factors present 
and sex result deterioration started re-operation 

l 26 M 2 3 8 Tricuspid disease 

2 30 F 3 3 7 (P.M.) Pregnancy. Aortic and tricuspid 
disease 

3 27 F 3 7 8 Bronchitis independent of heart 
disease 

4 35 M 2 5 6 — 

5 23 F 3 4 6 Bronchitis and asthma 

6 26 F 2 5 ? — 

7 36 F 2 4 5 Aortic disease 

8 37 F 3 3 5 Aortic disease 

9 34 F 2 3 6 | Triscuspid disease 

10 39 F 2 3 9 — 





Likewise, none of the patients with restenosis were shown by serial catheterization to have had 
a satisfactory increase in mitral valve area following the original operation. On the contrary, they 
were among the patients showing little improvement in pulmonary wedge pressure despite consider- 
able falls in pulmonary arterial pressure and pulmonary vascular resistance. 

We find therefore that in our series when restenosis occurred it was on a valve that was not 
fully opened and mobile, and we would prefer to use the term “ partial restenosis’’ for this occurrence. 
We have not yet seen restenosis in a valve with a full valvotomy (grade 4), nor in any patient in 
whom the physical signs or postoperative catheterization indicated satisfactory relief of mitral 
stenosis, and we would reserve the term “true restenosis”’ for this. 


III. OTHER FACTORS THAT MAY CAUSE DETERIORATION 


Mitral Regurgitation. The assessment of mitral regurgitation after operation was made not only 
on the surgeons’ report but on the physical signs, for these, including electrocardiographic evidence, 
have shown that significant regurgitation is not always recognized immediately after valvotomy. 
Patients with mild regurgitation have shown no greater deterioration than those with wholly 
competent valves (Table IV), for more than two-thirds have maintained a good result. Those with 
significant regurgitation, however, whether surgically produced or pre-existing, have fared less well, 
for 16 of 43 had a poor result and 15 have deteriorated after an initial good result: only 12 still 
maintain good results and 9 of these had a full opening of both commissures, illustrating that mitral 
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TABLE IV 
MITRAL REGURGITATION CORRELATED WITH FOLLOW-UP 





Mitral regurgitation after operation 
Clinical result 

















; Significant = Mild None 
Good (119) re oe 12 28 79 
Deteriorated 4 (51)-. nh oa 15 6 30 
Poor (30) . ; uF ae 16 6 8 
Total (200) ot i, os 43 40 117 





regurgitation alone is often well tolerated for a longtime. Of 19 patients left with residual sten: sis 
as well as significant regurgitation, only 3 still maintain a good result, which stresses the unfavouré ole 
nature of this combined lesion. 

There is a close relationship between calcification of the valve and regurgitation. Fifty paticnts 
had calcified valves. Of 23 with moderate or severe calcification, 18 had regurgitation atier 
operation; and of 27 with mild calcification 13 had regurgitation of some degree. Partial incisions 
in the commissures of calcified immobile valves rarely relieve the stenosis satisfactorily and the 
creation of a full opening may increase the regurgitation severely. Often the surgeon must be 
content with a compromise between stenosis and regurgitation in such a valve and the clinical result 
is usually disappointing, immediately or eventually. 

Atrial Fibrillation. Table V shows the number of patients in normal rhythm and atrial fibrilla- 
tion at various stages of the follow-up. Normal rhythm before operation was associated with 
rather more initial good results (90°%) than was atrial fibrillation (739%). This was partly explained 
on the basis of age difference, the older patients having a higher incidence of fibrillation. However, 
deterioration has occurred more often among those originally showing sinus rhythm, so that by the 
end of five years follow-up, there was no difference between the two groups. 

Fifty-three patients developed atrial fibrillation in the immediate postoperative period, or 45 per 
cent of those in sinus rhythm. This fibrillation was temporary in 35, reverting either spontaneously 
or with quinidine, and the long-term results in these have been no different from those in the patient 
who did not fibrillate. Of the 18 remaining in fibrillation, however, only 7 maintain a good result 
to date. 

An additional 26 patients have developed permanent fibrillation during the follow-up period. 
Often this was preceded by paroxysmal fibrillation, sometimes for several years. In 5 cases the 


TABLE V 
ATRIAL FIBRILLATION CORRELATED WITH FOLLOW-UP 





Status of cardiac rhythm, before operation and 
during follow-up 
Clinical result 











| Rhythm before Onset of AF in follow-up Still 

| operation SR 

SR AF At op. At op. Later 

(temp.) (perm.) 

Good (119) a te 48 ZZ e 5 59 
Deteriorated G1) ns ae 39 12 12 8 17 14 
Poor (30) en on 8 22 1 3 4 1 
Total (200) oa sa = 118 82 35 18 26 74 
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et of permanent fibrillation was well tolerated, only noticed at their routine yearly examination, 
an’ not associated with any deterioration in clinical status, even when they were not digitalized. 

Most of the patients developing permanent fibrillation in the follow-up period were, however, 
in“ 1e group deteriorating after a good initial result. Usually the onset of the arrhythmia coincided 
w. 1 the clinical deterioration, which persisted in spite of digitalization and medical treatment. 
T! - close association between deterioration and fibrillation is shown in Fig. 7. The rate at which 
pe ents in the group who deteriorated have developed fibrillation suggests that few of them will 
re ain in normal rhythm much longer, and we think that fibrillation is more the result than the 
cc se of deterioration. Patients with more severe mitral disease fibrillate more readily and their 
p -r toleration of this brings to light the fact that the result is not as satisfactory as it seemed. 
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Fic. 7.—The proportion of patients in normal rhythm at each year of the 
follow-up, showing the rate at which atrial fibrillation has developed. 
The curve is shown for the group as a whole, and also for the good, 
deteriorated, and poor results as assessed five or more years after 
operation. Those with poor results or deterioration after initially 
good results have a much higher rate of development of fibrillation 
than those maintaining good results. 


Aortic and Tricuspid Disease. No patient with dominant aortic disease was included in this series. 
Excluding 18 where the evidence of regurgitation was only a grade 1 murmur, there were 27 who had 
aortic disease of some significance. In 10 patients the signs were of stenosis without regurgitation 
but in only one was a pressure gradient of 40 mm. measured at operation considered high enough 
to warrant aortic as well as mitral valvotomy. Functional tricuspid regurgitation was common 
before mitral valvotomy but organic tricuspid disease was diagnosed in 18, and combined aortic 
and tricuspid disease in a further 20 patients. 

The follow-up results in these 65 with aortic and tricuspid disease are shown in Table VI and 
contrasted with the 135 with mitral disease alone. The proportion of good results maintained 
throughout the follow-up (40°) is smaller and deterioration from good results greater (37°%) in 
those with associated valve disease, compared with 69 per cent of good results and 20 per cent 
deteriorations in those without. Lesions of the other valves, though no contraindication to relief 
of severe mitral stenosis, are evidence of more extensive rheumatic heart disease, which must 


influence prognosis quite apart from the result of mitral valvotomy. 
X 
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TABLE VI 
ASSOCIATED AORTIC AND TRICUSPID VALVE DISEASE CORRELATED WITH FOLLOW-UP 




















| Number | Good | Deteriorated | Poor 
Aortic valve disease .. is ah af | 27 12 | 8 | 7 
Tricuspid valve disease | 18 | 2 | 8 | 5 
Aortic and tricuspid disease . . 7 ++ | 20 | 9 | s | 3 
Total with associated valve disease . . as | 65 26 24 | 15 
Total without associated valve disease ..| 135 | 93 | 27 | 15 





We have found occasionally that the signs of aortic and tricuspid disease have become mu re 
obvious after successful mitral valvotomy, presumably due to an improved cardiac output (Mouns:y, 
1959). In others, the signs of disease have progressively increased during the follow-up. This ve 
noticed particularly with tricuspid disease, as is shown in the great increase in the size of the right 
atrium in Fig. 8. This was not associated with any clinical evidence of rheumatic activity or con- 
gestive failure but is convincing evidence that rheumatic heart disease does progress even after a 
successful mitral valvotomy. Thus, we may see a higher incidence of tricuspid disease in patients 
who are given a longer span of life through relief of their more serious mitral stenosis. 

Chronic Pulmonary Disease. Patients with mitral valve disease are commonly subject to two 
sorts of chronic pulmonary disease, the pulmonary vascular disease that leads to pulmonary 
hypertension, and the chronic bronchitis and emphysema that may co-exist as a separate condition. 
In the early development of mitral valvotomy it was feared that irreversible changes in the lungs 
might prevent good results from operation in many cases, but this has not been borne out by 
experience. Severe pulmonary hypertension before operation has not affected adversely the 
initial or long-term results (Fig. 3). Moreover, recatheterization later in those who have deterio- 
rated has shown little tendency for the vascular resistance in the lungs to rise again. That some 
damage may remain from lung disease after successful valvotomy is suggested by the electro- 
cardiogram, for evidence of right ventricular hypertrophy does not always completely disappear 
and Torres et al. (1959) have shown that the regression of signs occurred more readily when the 
history of symptoms was short. 

Chronic bronchitis and emphysema have been, however, a significant factor in the follow-up. 
Because the symptoms of this closely resemble those often resulting purely from mitral stenosis, it 
is difficult to assess accurately. Many patients, however, who may be confined to home or bed for 
a short period during the winter months with chronic bronchitis, distinguish this from their 
pulmonary symptoms before mitral valvotomy particularly by the absence of orthopnea. ‘Ve 
felt that 9 (or 18 per cent) of the 51 patients who have deteriorated had significant pulmor:ry 
disease, and that in 4 this was a dominant factor in the deterioration. Severe emphysema ‘as 
developed during the follow-up in several, illustrated in Fig. 9 by serial X-rays in one patient v ho 
has shown an apparent diminution in heart size as the lungs have become progressively over-infla‘ >d. 

Chronic bronchitis does not necessarily prevent a good result from mitral valvotomy, howe’ er, 
as it is present in 16 (13°) of the patients who still maintain a good result. 

Pregnancy. Pregnancy is often a critical event in the lives of patients with mitral stenosis, 's a 
time when the condition is discovered or when serious symptoms are first manifested. Valvot: my 
in 4 of the 200 patients was done during pregnancy as an emergency measure, in three becaus. of 
pulmonary cedema, and all were successfully delivered at term. It is still a critical event in m iny 
patients who have had mitral valvotomy. In all, 21 patients have become pregnant during the 
follow-up period, and four of them had a second child. Eleven of these were in the group m iin- 
taining good results, and their pregnancies were accomplished without serious difficulty, inclu ing 
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Fic. 8.—Radiographs of woman aged 30, with mitral stenosis and 
tricuspid regurgitation (T.R.), and with grade 3 disability. (A) May 
1951, one day before a grade 3 valvotomy. Good result main- 
tained with no clinical deterioration in follow-up. (B) May 1958. 
Showing increase in right atrium. Signs of T.R. have progressed 
steadily but without failure. Active life with no symptoms except 
on heavy exertion (disability grade 1). 








Fic. 9.—Radiographs of a man aged 26 at the time of valvotomy in 1950. (A) Three years 
before valvotomy. Severe pulmonary venous congestion. Catheter a year later showed mean 
P.A.P. of 80 mm. Hg, cardiac index 2-4 1./sq. m./sec., O2 saturation of mixed venous blood 60 
per cent. (B) The day before valvotomy. P.V.C. minimal and a pulmonary hypertensive 
picture. Catheter one month before showed mean P.A.P. of 100 mm. Hg, cardiac index 2-7, O2 
saturation of mixed venous blood 45 per cent. (C) Six years after valvotomy. P.A. still large 
but increase of X-ray appearances of emphysema. Catheter one year before had showed P.A. 
mean pressure of 32, cardiac index 1-8, O2 saturation of mixed venous blood 58 per cent, 
and calculated valve area 1-52 sq. cm. 


a first one at the age of 39, seven years after valvotomy. Two patients, however, with poor results 
deteriorated further after pregnancy. The other 8 were among the 51 who deteriorated from good 
results and in 6 of these recurrence of cardiac symptoms during pregnancy was the first indication 
of deterioration: all were good rather than excellent results and in none of them had valvotomy been 
complete. Pregnancy was a rigorous test of the cardiac reserve in these patients, as it is in those 
who have not had an operation. 

Bacterial Endocarditis. Bacterial endocarditis did not develop as an early postoperative 
complication in any of these patients, but in two it developed later in the follow-up. Both of 
these were deteriorating after an initial result that was good, and subacute bacterial endocarditis, 
found at autopsy, was thought to be the principal cause of death in one. 
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Arterial Embolism. Arterial embolism has occurred in 8 patients since operation, an incide ce 
of about 0-5 per cent each year. In only one, with a poor operative result, did the embolism ca ‘se 
serious disablement. Five of these episodes were in patients who deteriorated from good resi ts, 
though in three embolism preceded clinical deterioration by two years or more. Two have m: n- 
tained good results for three and four years after embolism. Of the 8 patients 4 were in si us 
rhythm at the time of their post-operative embolism, two of these fibrillated two and three yé« irs 
after the embolism, and two still remain in sinus rhythm. 

Hypertension. Systemic hypertension has developed since operation in 9 of the patients in he 
group that deteriorated. It was the main cause of deterioration and subsequent death in | of tl :se 
and an important factor in 2 others who died. In the remaining 6, and in 14 who still remain gi od 
results it has so far seemed of little importance, thought it must add to the work of the heart : nd 
may well be a cause of deterioration later. 

Rheumatic Activity. Of 111 atrial biopsies critically examined for evidence of rheum.tic 
activity, this was strongly suggestive in 24 and possible in 20 per cent. There was no correlat.on 
of these findings with the results of valvotomy, or with clinical evidence of rheumatic activity aiter 
operation or in the follow-up. Recurrence of the post-pericardectomy syndrome and the tendeicy 
for patients who were disappointed in the operative results or in life generally to complain of 
“‘rheumatism’’—a complaint not uncommon in patients without rheumatic heart disease—made 
the diagnosis of continued rheumatic activity difficult. Only 2 patients had frank rheumatic fever 
and both were among the 51 who deteriorated from good results; rheumatic activity was also 
strongly suspected in 6 others of these but in none of the 8 was it the sole cause of deterioration. In 
those who maintained good results only 2 were suspected of rheumatic activity but our confessed 
inability to diagnose this does not mean that it is not a factor i in the progression of rheumatic heart 
disease after mitral valvotomy. 

The follow-up in relation to age incidence shows that dnniention from good results tended to 
occur more in the younger patients. The initial good results were 95 per cent in the age group 
20-29 compared with 82 per cent in the 40-49 age group, while at the end of five years the good 
results were 58 and 70 per cent respectively. In fact deterioration occurred in 38 per cent of those 
with initially good results in the 20-29 group but in only 15 per cent of those in the 40-49 group, 
while the 30-39 group was intermediate. That a higher percentage of initially good results occurred 
in younger patients than in older may be due to a greater capacity to take advantage of the operative 
result; but that this is not so long maintained as in older patients may be due to an increased 
tendency to active rheumatic heart disease. Ellis et a/. (1959) in 361 patients followed up for five 
years or more, found an incidence of 19 per cent with rheumatic fever in those who deteriorated 
after substantial improvement compared with 1-5 per cent in those who maintained improvement. 
Although our findings do not produce such strong evidence of rheumatic carditis as a cause of 
deterioration after mitral valvotomy we consider it is a factor that must operate, but one that is 
difficult to assess. 

The Myocardial Factor. The most difficult factor to assess in these patients is the part played 
by the myocardium. Clinical criteria are not specific even when supplemented by hemodynarnic 
and pathological study. Nevertheless we think that in some patients with signs of mitral stenosis 
the mechanical valve defect is trivial and myocardial failure is dominant. Of the 51 pati nts 
deteriorating after initially good results, 8 showed no good explanation in the factors alre \dy 
discussed, and their increasing disability has seemed to us myocardial. This was not entire y a 
diagnosis of exclusion, for in 6 catheterization did not indicate significant stenosis, and in the o her 
2 the physical signs did not even warrant catheterization. Five are over 40, all are fibrillating all 
are without or almost without pulmonary hypertension, and 4 have a notably episodic histor ' of 
increase of symptoms or heart failure. It would seem reasonable to think that a myocardial fz :tor 
has contributed to deterioration in other patients and may well be present in those who still mair ‘ain 
good results. 

When a dominant myocardial factor is recognized, operation or re-operation is best avo’ ied. 
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Cardiac catheterization may be of real value in demonstrating that the mitral valve area is not 
crit cally narrowed. 


DISCUSSION 


‘ew Statistical reports have been published of the results of mitral valvotomy five or more years 
afte: operation. Ellis et a/. (1959) found in 361 patients followed for five years or more that the 
init al improvement rate of 79 per cent had fallen to 51 per cent, and 14 per cent had died—figures 
ver similar to ours. Likoff and Uricchio (1958) assessed their first 200 patients five to eight years 
late , and considered 55 per cent of them still moderately or greatly improved. The rate of 
det: ‘ioration, however, is not clearly evident from their figures, nor is it from those of Glover 
et < . (1955) who assessed their first 50 cases five or more years after operation and found 20 still 
ma <edly improved and 16 improved. In so far as they can be compared, these studies agree in 
ind :ating that mitral valvotomy in the years 1948-53 resulted in significant improvement in about 
80 er cent of survivors, but that about 5 per cent have since deteriorated each year. 

‘he importance of restenosis of the valve as a cause of deterioration is difficult to assess, both 
in ( ur experience and in the reported experience of others. This is partly a matter of definition; 
terr is such as recurrence or reconstitution of mitral stenosis may not be used in the same sense as 
acti al restenosis, which should imply that valve leaflets have fused together as they did in the original 
rhe matic process. Another source of difficulty is that the surgeon may occasionally overestimate 
the 2xtent of a commissurotomy, subsequent findings being mistakenly interpreted as restenosis. 

Ne considered that 10 of our patients showed partial restenosis, but none true restenosis. 
Belcher (1958) made a similar distinction in reporting 12 re-operations from a series of 240 and in 
reviewing the scanty reports about restenosis. He calls deterioration after an inadequate operation 
false restenosis and deterioration after a good valvotomy true stenosis, but of the four patients so 
diaznosed only one had a first operation that was ‘“‘almost complete’’; the other 11 would all come 
under our definition of partial restenosis. Very few of the reported cases of mitral stenosis recurring 
after operation are accompanied by objective evidence that the original operation really abolished 
the mitral obstruction. Soulié et al. (1957), in reporting 6 re-operations for recurrent mitral 
stenosis also thought that the original operation had been incomplete: one of their cases showed a 
reduction of pulmonary wedge pressure from 26 to 12 mm. Hg after the first operation, with a 
later rise to 25 when deterioration occurred, but even this was felt not to have been a complete 
operation. Patterson and Marshall (1959) found 7 instances of restenosis after 400 operations: 
two of these had had both commissures completely split, but the deterioration at eight months in 
one seems too early for restenosis. Again, there is no objective evidence, from physical signs or 
catheterization, that the stenosis had been abolished originally. 

A second operation is reasonable if there is a significant mechanical obstruction at the mitral 
valve, either from restenosis or an incomplete first operation, that can be relieved surgically. 
Cardiac catheterization may be needed to demonstrate the obstruction and the previous operative 
findings will indicate whether a second attempt offers a reasonable chance of success. Twenty of 
our patients had a second operation. In only 4 of the 30 with poor results was this advised and in 
3 the result was again disappointing. Of the 51 patients who deteriorated from good results, 16 
had a second operation, 9 with partial restenosis and 7 with incomplete valvotomy: there were two 
deaths. The first two re-operations were four years ago but in the remaining 12 the follow-up is 
insufficient to assess the result, although it seems unlikely that the proportion receiving lasting 
success will be high, for in only one was a complete valvotomy possible at the second operation. 
Nevertheless 14 of the 18 survivors from a second operation have reason to be grateful for a renewed 
lease of life, even though this may prove less than they expect. 

Although the main object of this paper is to report and assess deterioration after mitral valvo- 
tomy it is important to stress that 119 out of 200 patients still have good results and that over half of 
these have no apparent disability. In spite of a significant incidence of deterioration due to residual 
or recurrent mitral stenosis we think the follow-up results confirm the long-term value of mitral 











294 BAKER AND HANCOCK 


valvotomy and provide some basis for evaluating the need for, and the results of, newer technic, ies 
such as surgery of the mitral valve under direct vision. 


CONCLUSIONS 


Of 200 consecutive patients surviving mitral valvotomy, 85 per cent had a good or excel nt 
result when assessed one year after operation. 

During the first five years of follow-up, 5 per cent per year deteriorated: 82 per cent of tl se 
who deteriorated were accounted for wholly or partially by a valvotomy that was technic !ly 
incomplete. 

Restenosis occurred in 10 cases or 1 per cent per year, always in patients with an incomp :te 
valvotomy. No patient with a complete valvotomy has yet deteriorated from restenosis alon: 

Significant mitral regurgitation and the onset of atrial fibrillation were factors frequei.tly 
associated with deterioration. Chronic pulmonary disease, aortic and tricuspid valve dise se, 
pregnancy, bacterial endocarditis, systemic hypertension, and myocardial failure were also 
significant factors in some patients. 


We are indebted to many, but primarily to Sir Russell Brock for his pioneer work in introducing and establis!\ing 
mitral valvotomy; he operated on the first 48 patients and on a total of 104 out of the 200 followed up. The cither 
surgeons whose patients are included are Mr. Milstein (19), Mr. Starkey (1), Mr. Robert Brain (11), and Mr. Ian Hill, 
whose parallel but independent follow-up of his 65 patients has been particularly helpful. Dr. Maurice Campbell 
played a large part in the introduction of mitral valvotomy and was a collaborator in the original report and two 
succeeding papers; 25 of these patients were his, and his help has been invaluable in the follow-up. 

Hemodynamic studies were started at Guy’s by Dr. Edward Holling and to him we are in lasting debt. The 
investigators who followed and maintained the high standard he set, the medical registrars, the technical staff, and 
the many physicians and practitioners who supplied information are too numerous to name, but we thank them all 
for their generous and continued help which has contributed to this paper. 


ADDENDUM 


A further year of follow-up just completed shows 63 per cent good results after six years, a fall 
of only 3 per cent from the fifth year. In the total follow-up period of 6 to 11 years 54 per cent have 
still good results without deterioration. 
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‘otal anomalous pulmonary venous drainage is uncommon and probably accounts for about 
2 ver cent of all congenital cardiac malformations (Keith ef al., 1958). It may be found 
as .n isolated anomaly or in association with gross malformations of the heart. These are usually 
ref rred to as the isolated form and the complicated form respectively, and the former is the more 
co imon variety. Further subdivision into different types is made on the basis of the site of drainage 
of he anomalous pulmonary veins. This is of practical importance because it leads to wide differ- 
ences in the clinical picture, each with its own particular diagnostic, prognostic, and therapeutic 
problems. The subject has been well reviewed by Gott et al. (1956), Darling et al. (1957), and 
Keith et al. (1958). 

‘The case to be described, one of pulmonary venous drainage via the left gastric vein, represents 
an exceedingly rare type of the isolated form. Indeed, we have been unable to trace any previous 
report of this type of drainage except for a brief reference to it in the complicated form (Keith et al., 
1958). A remarkable feature of the case is the occurrence of a fatal hematemesis from cesophageal 
varices at the age of three days. This in itself must be almost unique, though the nature of the 
malformation provides an apt explanation for it. 


CASE HISTORY 


P.W.H. was a full-term male infant born by a difficult forceps extraction after a lengthy second stage. 
During the night the baby had a prolonged apneeic attack and became deeply cyanosed. He was revived by 
oxygen given by nasal catheter, but the cyanosis persisted and remained intense. The infant was seen by one 
of us (R.J.K.B.) when just 24 hours old. He was a well developed newborn with no detectable abnormality 
apart from the intense cyanosis and a grade I systolic murmur in the third left interspace. There was no 
cardiac enlargement and no sign of heart failure. Femoral pulses were easily palpable. Respirations were 
normal and the cry was lusty though productive of some increase in cyanosis. Cyanotic congenital heart 
disease was diagnosed. A chest radiograph showing a normal cardiac outline but some oligemia of the 
lungs (Fig. 1), and an electrocardiogram showing right ventricular preponderance, normal for the age 
(Fig. 2), afforded no help in making an accurate anatomical diagnosis. 

On the second day he vomited a small quantity of bright red blood and was immediately given 10 mg. 
of synkavit (vitamin K) by intra-muscular injection. A few hours later there followed a severe he- 
matemesis with considerable deterioration in the infant’s condition and he was transferred to the children’s 
ward of another hospital. That night there was no further bleeding and with oxygen his condition remained 
quite good. However, the following morning, after several small haematemeses and some melzna, his 
pallor increased so that cyanosis was no longer detectable and his hemoglobin level was 40 per cent (5-9 g.). 
Before a blood transfusion could be started, there was a profuse vomit of bright red blood leading to severe 
circulatory collapse. This blood looked so much like arterialized blood that it was at first thought to be 
coming from the lungs, but the full significance of this observation was not appreciated at the time. In 


* Present address: Queen Elizabeth Hospital for Children, Hackney Road, London, E.2. 
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Fic. 1.—The chest X-ray shows a large heart with a normal cardiac outline, 
and oligemic lung fields. 





Fic. 2.—The electrocardiogram shows only right ventricular preponderance. 


spite of repeated attempts to transfuse blood through small collapsed veins, it was impossible to keep p:ce 
with the blood loss, and a catheter was inserted into the umbilical vein and 60 ml. fresh whole blood injec‘ed 
by syringe. During this procedure the infant died. 

Necropsy. The body was pale and weighed 3-24 Kg. 

The heart showed some petechial hemorrhages on the pericardial surface and was moderately enlars =d, 
with a dilated and hypertrophied right atrium and ventricle. A foramen ovale, though probe pat: 1t, 
appeared functionally closed. The left atrium was small, almost vestigial, with no vessels draining ‘ ito 
it. The left ventricle was hypoplastic, all the valves were normal, and the interventricular septum as 
intact. 

The pulmonary trunk and aorta were anatomically normal, and a patent ductus arteriosus, 7 mm in 
length, and 6 mm. in diameter (after fixation), joined these two structures, which is not unusual for ar in- 
fant of this age. 

Both pleural cavities were dry; the lungs, which were conspicuously pale, were well aerated and sho ed 
a few pulmonary hemorrhages. No other abnormalities on the surface or in the parenchyma were nc 2d. 
The pulmonary arteries were normal. The pulmonary veins, however, were very unusual, consisting f 4 
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comparatively slender vessel from the upper and middle lobes and another very much larger one from the 
lower lobes on each side. These vessels joined to form a single wide, thick-walled trunk 7 mm. in diameter, 
wh ch traversed the diaphragm. As the heart was not anchored by pulmonary veins entering the left 
atr 1m, it was of unusual mobility and could be easily lifted forwards and upwards (Fig. 3). 





Fic. 3.—The thoracic organs, with the heart lifted forwards 
and upwards to reveal the anomalous pulmonary veins. 
A slender upper and a wide lower branch from each side, 
unite to form a single large venous trunk. Note the 
mobility of the heart, which is not anchored by pul- 
monary veins entering the left atrium. The latter is 
seen as a vestigial structure and contrasts with the large 
right atrium. 


A length of fine polythene tubing was lying in the umbilical vein. The areolar tissue surrounding the 
vessel, which was torn at one point, was distended with blood as far as the liver, and at one point the peri- 
toneal covering was broken. The peritoneal cavity itself contained about 60 ml. of fresh unclotted blood. 

The whole of the cesophagus and stomach and the first 4 cm. of duodenum were filled with clotted 
blood which formed a complete cast of these structures (Fig. 4). Large anastomosing varices, partially 
distended with blood, ran the length of the esophagus immediately beneath the mucosa. One of these, at 
a point 8 mm. from the gastro-cesophageal junction, had ruptured and this could be demonstrated by injection 
techniques. These varices were fed by the common pulmonary trunk which terminated in the very large 
left gastric vein. 

The lower end of the small and most of the large intestine were distended with melena. No noteworthy 
features were found elsewhere in the body. 
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Fic. 4—The cesophagus, stomach, and duodenum after fixation. 


veins run the length of the cesophagus. 


vein, entering the stomach. 


cms. 
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Very large submucous anastomosing 


The bleeding point could just be distinguished near the 
cardiac sphincter. The inset shows the venous trunk from the lungs, anatomically the left gastric 


The complete blood cast of the cesophagus, stomach and duodenum is shown on the right. 


Keith et al. (1958) have combined their own series with those reported by Darling es 
(1957) and Gott et al. (1956) to provide information on 103 cases of the isolated form of t: 
anomalous pulmonary venous drainage proved by autopsy. They have divided them into four gro 
as suggested by Darling et al. The first consists of 55 cases in which the drainage was supracard 
mostly into a left superior vena cava; the second of 30 cases in which the drainage was directly 
the right atrium, though in half it was via a coronary sinus. In their fourth group, of only 3 ca ¢ 
mixed multiple drainage was found. It is their third group of 12 cases where drainage was enti. > 
Of these twelve, nine had drainage into the portal \ 
two into the ductus venosus, and one into the inferior vena cava: there was no case in which the v | 


infracardiac, that concerns this discussion. 


drained into the left gastric vein. 


Although the embryology of this anomaly is controversial, there is no doubt that in the 
young embryo the splanchnic plexus of the foregut communicates with all the systemic and visc 
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veins in its vicinity. Since the lung develops as an outpouching from the ventral wall of the fore- 
gu’, there is a stage in the normal development of the embryo at which the venous plexuses of the 
lur z bud communicate with the pre- and post-cardinal veins, which are the precursors of the superior 
vel 4 Cava, innominate veins, azygos vein, and coronary sinus. There are also communications with 
um dilical and vitelline veins which in due course give rise to the portal vein, ductus venosus, and 
infirior vena cava. When the pulmonary stem of the sinus venosus fails to connect with the 
pu nonary plexus, some of these other venous channels may persist. Their multiplicity accounts 
for the several possible varieties of anomalous pulmonary venous drainage. 

Diagnosis of some of the more common varieties is made possible because of certain features 
su( 1 as a characteristic radiographic appearance, but those in Group III of Darling et al. exhibit 
no typical diagnostic features. In this group cyanosis is intense from birth and life is seldom 
prc onged beyond the newborn period. In the present case the vomiting of arterialized blood in 
ac anosed infant indicated that it had come from the lungs via a communication between pulmonary 
an: portal venous systems, and this might have suggested the correct diagnosis, had we been alive 
to he possibility. However, it is perhaps not surprising that such an anomaly was never suspected 
un i] it was revealed as a result of the post-mortem examination. Indeed, in cases such as this 
no hing remarkable may be noticed at autopsy unless a methodical routine is adopted, although 
Ke th et al. (1958) stress the important practical point that the heart can be lifted upward and forward 
on its pedicle because the left atrium is not anchored by the pulmonary veins. This point was well 
illustrated in our case. 

The occurrences of such gross cesophageal varices at birth is arresting and, had the infant’s 
coidition permitted investigation with a radiopaque swallow, these could undoubtedly have been 
deinonstrated during life. Though some of the pulmonary venous blood would have drained into 
the portal vein, a great deal must have coursed along these varices to link up with the azygos and 
lefi hemi-azygous veins from the upper end of the cesophagus and to drain into the superior vena 
cava. 


SUMMARY 


Fatal hematemesis in a 3-day-old male infant with congenital cyanotic heart disease proved at 
autopsy to be due to rupture of cesophageal varices. The latter were produced as a result of total 
anomalous pulmonary venous drainage via a common pulmonary trunk into the left gastric vein. It 
is believed that this is the first time this type of drainage of the pulmonary veins has been described 
in association with a heart that was otherwise normal. 


We are grateful to Miss D. Lavin and Mr. L. T. S. Williams, A.I.B.P., for the photographs. 
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PROCEEDINGS OF THE BRITISH CARDIAC SOCIETY 


An AUTUMN MEETING of the British Cardiac Society was held at the Royal Society of Medicine, Lond in, 
on Friday, October 30, 1959. THE PRESIDENT, MAURICE CAMPBELL, took the Chair at 9.30 a.m. dur ng 
Private Business, before handing over to the CHAIRMAN, WILLIAM PHILLIPS. 150 members and 23 visii \rs 
were present. 

PRIVATE BUSINESS 

1. The Minutes of the last Annual General Meeting, having been published in the Journal (21, 578, 1959) 
were taken as read and confirmed. 

2. British Heart Foundation. The President reported that a Founding Committee, had been set up by 
the Council with representatives of the Royal College of Physicians and other bodies as well as che 
British Cardiac Society; that it had made some progress towards establishing the Foundation; tat 
negotiations with the Chest and Heart Association were progressing favourably; and that, shorily, 
he would be asking members for a subscription to cover the preliminary legal expenses. 

3. Campbell’s term of office as President expiring in May, 1960, in accordance with rule 4, and he being 
unwilling to offer himself for re-election, Evan Bedford was nominated President. 

4. The Annual General Meeting, 1960, is to be held at the London Hospital under the Chairmanship of 
William Evans on Thursday, May 26. After the Meeting the Society will dine together in the 
Apothecaries’ Hall. 

5. Members wishing to offer communications for the II Asian-Pacific Congress of Cardiology, which was 
being held in Melbourne, from May 30 to June 3, should send an abstract to Dr. Austin Doyle, the 
Secretary, by the end of the year. 

6. Members wishing to offer communications for the III European Congress of Cardiology, which is to be 
held in Rome, from September 18 to 24, 1960, should send abstracts to the Secretary of the British 
Cardiac Society early in the New Year and at latest by February 1. 

7. The Council has received an invitation from the Thoracic Society to consider holding a joint Meeting 
with their Society in 1961, if a date convenient to both can be arranged. 


After the Scientific Meeting, the Society dined together at the Savoy Hotel with Maurice Campbell in the 
Chair. Campbell proposed the health of the guest of honour, Sir Henry Dale, O.M., and welcomed Dr. van 
Dooren and Professor Warburg, the two Corresponding Members attending the Meeting. William Phillips 
proposed the health of the President. 


SCIENTIFIC COMMUNICATIONS 
THE ATRIO-VENTRICULAR TYPE OF ATRIAL SEPTAL DEFECT AND ITS SURGICAL TREATMENT 
By D. Evan Bedford and T. Holmes Sellors 

The incidence of primum defects, diagnosed clinically, was 10 per cent in 300 cases of A.S.D., aged over 
5 years, seen at the Middlesex Hospital, but in pediatric clinics it might be as high as 25 percent. Detzils 
were given of 15 proven cases of primum defect, aged from 7 to 44 years, with an average of 16 years. The 
sex incidence, 8 male to 7 female, was about equal. Five were slightly undersized but only one was cyanos 4d. 
The heart was grossly enlarged in 7, moderately enlarged in 3, and almost normal in size in 5 cases. 

A pan-systolic murmur, mitral or tricuspid, was heard in 12 cases of which 5 also had a systolic thr Il. 
The delayed diastolic murmur tended to be longer, louder, and better heard at the apex than in secund m 
defects. 

The electrocardiogram was characteristic in 14 cases, showing left axis deviation in standard leads cc n- 
bined with right bundle-branch block pattern in chest leads. The frontal vectorcardiogram was @ 30 
characteristic. Only one case presented right axis deviation, a man, aged 44. with pulmonary hypertens »n 
and reversed shunt. 

Catheterization showed the P.A. pressure to be normal in 4 cases, 30-40 mm. systolic in 8, and 80 mm. : /s- 
tolic in one with a common A-V canal: one patient with pulmonary hypertension and reversed shunt ' 
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not catheterized. P.A. pressures exceeding 50 mm. systolic under the age of 20 should suggest a common 
A-Y’ canal with a significant ventricular shunt. 

4natomy. The A-V valves were normal in 2 cases, the aortic cusp of the mitral was cleft or deformed in 
7, oth mitral and tricuspid valves were involved in 3, and 3 had a common A-V canal. A ventricular 
sep al defect did not occur apart from a common A-V canal, and even then it was virtually closed by aberrant 
pay llary muscles in two of the three cases. 

‘urgical Experience. During the last six months, 12 patients had been operated on using extra-corporeal 
circ lation (Mayo-Gibbon pump) and they caused no undue anxiety at operation, but the post-operative 
cov se had tended to be more stormy than in cases of secundum defect closed under hypothermia. The 
A.£ D. was closed by suture alone in 8, and by an Ivalon patch in 4 cases. The mitral valve was repaired 
by uture as far as possible. 

‘his preliminary report could only give the early results. There had been 2 post-operative deaths, both 
cas s of common A-V canal, and two patients were still in hospital, one with a serious staphylococcal 
infe ‘tion. Of the remaining 8 patients, the result was so far satisfactory in 7; but one with a large heart 
anc failure before operation was not improved and valvular incompetence had persisted. It was too early 
to ecide the indications for operation in primum defects, but patients with large hearts, gross valvular 
reg rgitation, or common A-V canals seemed relatively unfavourable cases for surgical repair. 


D 


Srtnus ARRHYTHMIA: OBSERVATIONS IN ATRIAL SEPTAL DEFECT AND NORMAL SUBJECTS 
By L. G. Davies and B. Fotiades (introduced) 


Ve have observed that patients with atrial septal defect show less respiratory variation in heart rate 
tha.. do normal subjects. This reduction in sinus arrhythmia is greatest in patients with the largest left-to- 
rigi.t shunts. 

This finding lead us to re-examine the nature of sinus arrhythmia in normal subjects. Inspiration 
incieases the volume of the pulmonary vascular bed, left heart filling is diminished, the stroke output falls, 
anc the rate quickens. Inspiration also increases the return of blood to the right atrium and after three or 
four beats this blood is available to augment left ventricular filling, the stroke volume increases and the rate 
slows. 

In atrial septal defect inspiration diminishes the left-to-right shunt so that left ventricular filling and stroke 
output is maintained. 

We believe the most acceptable explanation of sinus arrhythmia is that it is a baroceptor response to 
changes in the stroke volume of the left heart. It is comparable with the changes in rate that occur during 
the Valsalva manceuvre. 


TRACERS IN DIAGNOSIS OF LEFT-TO-RIGHT SHUNTS 
By David Weitzman and Joan McAlister (introduced) 


Radio-active phosphorus (32P) and nitrous oxide (NO) were used as “tracers” during cardiac catheteriza- 
tion for iocalization of left-to-right shunts. The 32P technique has already been described (Lancet, 1958, 2, 
1350). Red cells labelled with this substance are injected into the pulmonary artery with continuous sampling 
from the right heart to demonstrate early return through a shunt. 

The nitrous oxide method, described by Morrow and Sanders (Circulation, 1958, 17, 284) depends on the 
solubility of this gas in body tissues. The venous N,O concentration therefore rises far more slowly than 
the arterial during the first minutes of inhalation. When there is a central left-to-right shunt, samples from 
the shunt chamber show a higher N,O concentration than those drawn more distally. 

Advantages of the N,O method are simplicity and repeatability. In doubtful cases, however, the 
results are subject to the same difficulties of interpretation as the oxygen saturation figures. The radio- 
phosphorus method, although more laborious, is more reliable since it shows a clear time interval that is 
independent of shunt magnitude. 


THE ELECTROCARDIOGRAM AT HIGH ALTITUDE 
By Frederic Jackson and Hywel Davies (introduced) 


A transisterized electrocardiograph was taken to 19,150 ft. (5820 m.) on Ama Dablam in the Himalayas. 
The records from seven subjects normally resident at sea level showed two prominent changes—(1) the 
development of a striking right axis shift in the limb leads as the altitude increased, and (2) flattening, and 
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in one case inversion, of the T waves in leads over the left ventricle. These changes reversed comple: ly 
after returning to sea level. The graphs from five Sherpa porters who were born and had always |. sed 
at 12,000 ft. showed a developing right axis shift with altitude, but without left ventricular T wave change 

Breathlessness on effort was the main symptom. Periodic dyspnoea when lying flat was troublesom:: in 
the early days at over 16,000 ft. (4880 m.), but later on this was not noticed even at 19,000 ft. (5800 1 ,,). 
No one suffered from chest pain or anything resembling angina of effort. Chest X-rays taken at the s art 
and end of the expedition showed lowering of the diaphragm but no increase in the size of the heart. 

The atmospheric oxygen tension is halved at 18,600 ft. and the inference is that these T wave char zes 
are due to myocardial ischemia, though the effect of distrubance of the electrolytes in the blood resul: ng 
from physical exhaustion has not been excluded. 


OBSTRUCTIVE CARDIOMYOPATHY SIMULATING AORTIC STENOSIS 
By D. Teare (introduced), A. Hollman, J. F. Goodwin, and W. P. Cleland 


The term obstructive cardiomyopathy has been introduced to describe a condition of asymmetrica’ or 
localized hypertrophy of the heart that involves the ventricular septum and produces narrowing of the 
outflow or inflow tracts of one or both ventricles. Asymmetrical hypertrophy has been reported by Teare 
(Brit. Heart J., 20, 1, 1958) in eight patients who came to autopsy. Two of these were members of a faniily 
in which nine relatives were also affected. This family has been studied clinically and evidence suggesiing 
obstruction to the right ventricular inflow tract has been found. 

Seven other patients presented with symptoms and signs suggestive of appreciable or considerable aortic 
stenosis, but were unusual in that the upstroke time of the arterial pulse was normal, the systolic murmur was 
maximum near the apex, a basal thrill was never felt, and valvular calcification was absent. In three patients 
the cardiogram and X-ray showed features implying involvement of the right side of the heart in addition 
to the left. Angiocardiography in two patients showed a greatly hypertrophied left ventricle. Right heart 
catheterization was performed in three patients and in two showed a gradient in the body of the right ven- 
tricle, possibly due to the hypertrophied septum. The aortic valve gradient was measured by simultaneous 
brachial and left ventricular puncture in two patients and was 60 and 65 mm. Hg respectively. In one of 
these patients, symptoms demanded surgical exploration, which revealed a massive hypertrophy of the left 
ventricle obstructing the subaortic region: this was excised by the aortic route under total cardio-pulmonary 
bypass, and nine months after operation the patient is still symptom free. 

It is suggested that asymmetrical hypertrophy may produce clinical syndromes resemblirfg aortic stenosis, 
tricuspid stenosis, mitral stenosis (as in one of Teare’s cases), and right ventricular stenosis. The detailed 
physical signs, diagnosis, special investigations, and pathology were presented, and the etiology, prognosis 
and treatment discussed, with special reference to the production of the physical signs, in the aortic type. 


A MobpIFIED ANOXIA TEST—REVIEW OF 111 PATIENTS 
By Norman Coulshed (introduced) and E. Wyn Jones 
To be published in full: Brit. Heart J., 1960, 22, 79. 


THE CLEARING OF ALIMENTARY LIP2MIA BY PATIENTS WITH A RAISED SERUM TOTAL 
CHOLESTEROL 
By Harold Cohen (introduced by Gumpert) 

A standard 75 g. fat meal was given to six patients with a raised serum total cholesterol. Four of these 
patients had thyroid deficiency, one had coronary artery disease, and one had xanthomatosis. In all six ‘he 
resultant alimentary lipemia was intense and prolonged. Evidence was adduced from the treatmen’ of 
myxcedematous patients that the basic abnormality producing a raised serum total cholesterol is the abr 9r- 
mality in the clearing of lipemic plasma, and it was suggested that this mechanism is responsible ‘or 
cholesterol and lipoprotein changes in coronary artery disease. 


REPETITIVE VENTRICULAR TACHYCARDIA 
By P. Stock 


Three cases have been encountered in the past eighteen months. One, a man, aged 22, is of excepti: nal 
interest. His arrhythmia consists of repetitive runs of ventricular ectopic beats separated by either on or 
two sinus beats. The number of ectopic beats in each paroxysm is usually four or five but varies from t' .ree 
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to ‘welve. A ventricular origin is established by the frequent occurrence of fusion beats. Two distinct 
ectopic foci can be recognized: one type dominates most paroxysms but over half of the paroxysms start 
wit’: an extopic beat of different origin. A continuous recording of the arrhythmia over twenty-five minutes 
has been analysed statistically. There was a highly significant difference between the lengths of the post- 
par »xysmal pauses preceding the different paroxysmal patterns. The mechanism is explicable in terms of 
the varying refractory period following different pause lengths. A second independent mechanism favouring 
one Xaroxysmal pattern was demonstrated: it showed a cyclic variation over six minute periods. Retrograde 
cor luction with reciprocal beats occurred frequently. Shifts in sinus rhythm due to retrograde conduction 
apr ‘ar largely responsible for variation in the length of the pause. The findings are incompatible with the 
re-c 1try theory of extrasystoles. Hzmodynamic data are available. Observations over eighteen months 
sug est the condition is benign. 
‘he second case appeared to depend on a parasystolic focus. The third had no special features. 


PROGRESS AFTER MITRAL VALVOTOMY 
By Clifton Lowther (introduced) and Richard Turner 


)f more than 1000 patients with mitral valvular disease who have been under observation at the Cardiac 
De: artment of the Western General Hospital, Edinburgh, in the past ten years approximately 500 have been 
tre: ed surgically. The progress has been followed of the first 200 patients who were subjected to mitral 
val otomy more than five years ago and survived the procedure. The factors influencing the result have 
bee 1 analysed. Eighty per cent have maintained worthwhile improvement and are only considered because 
ma y have done so despite the fact that important adverse factors were present. The analysis is mainly 
con-erned with those whose progress was less satisfactory. 

the causes of a disappointing result include a valve unamenable to operation, inadequate surgical tech- 
niq ie, traumatic mitral regurgitation, previous or subsequent myocardial damage, other valvular defects, 
pulinonary vascular changes, and unrelated disease. Twenty-five patients have now been subjected to a 
second valvotomy. 

Critical re-appraisal of factors that are sometimes considered to be contra-indications to operation is 
indicated since many good results have been obtained in patients over 50 years of age and in those with 
much cardiac enlargement, gross calcification, aortic valvular disease, or a loud systolic murmur. 


MITRAL VALVOTOMY AND RESTENOSIS 
By D. E. L. Wilcken (introduced by Goodwin) 


Fifteen patients who developed restenosis of the mitral valve after mitral valvotomy are described. Reste- 
nosis was considered established after the findings at a second valvotomy were compared with the known 
degree of relief of stenosis achieved at the first. At the first operation in 7 patients one commissure had been 
split completely with or without a partial split of the other: in the other 8 there had been a partial split of 
one commissure only. A period of clinical improvement followed in each patient, succeeded by uniform 
deterioration and a second valvotomy became necessary in all. An additional case, seen at autopsy, of 
restenosis occurring after both commissures had been split completely to the valve ring was presented. 

The incidence of restenosis was related directly to the nature of the valve split obtained at valvotomy. 
Where one commissure (usually the lateral) had been split completely and the chord freed, with or without 
a partial split of the other commissure, 11 per cent of patients restenosed during a 5 to 7 year follow up period. 
The incidence was higher when there had been a partial split only of one commissure and much lower when 
both commissures had been split to the valve ring. Restenosis was slightly more common when the valve 
was rigid but did occur with a freely mobile valve. In no patient was there evidence of renewed or con- 
tinuing rheumatic activity. There was no evidence of any fundamental difference in the pathogenesis of 
“true” and “‘false’’ restenosis. The pathogenesis and methods directed towards reducing the incidence 
of restenosis were discussed. 


COMBINED MITRAL AND AorRTIC STENOSIS 


By M. Honey (introduced by Baker) 


Certain clinical, radiological, electrocardiographic, and hemodynamic findings have been studied in 
35 patients with dominant or pure stenosis of both mitral and aortic valves. Of these, 32 have been operated 
upon and in them surgical assessment of the mitral valve area and an operative aortic valve gradient are 
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available. In many of these right and/or left heart catheterization has been performed and in the tt! vee 
unoperated cases complete hemodynamic assessment (by left atrial puncture) has been made. The c; ses 
with the highest aortic valve gradient usually have less severe mitral stenosis. Where severe mitral sten sis 
and severe aortic stenosis coexist, the aortic gradients are usually only small or moderate, a finding a:-ri- 
buted to the low cardiac output. These observations explain the low incidence of angina and syncope of 
electrocardiographic and X-ray evidence of L.V.H., and of post-stenotic dilatation and calcification of he 
aortic valve. The results of operation (mitral valvotomy alone in 11 and mitral and aortic valvotomy in °1) 
were presented. 


THE CARDIAC OUTPUT ON EXERTION IN NORMAL AND ABNORMAL SUBJECTS 
By Ivor Gabe and Brian Robinson (introduced by Leatham) 


There is a need for an objective method of determination of cardiac efficiency. A test has been dev. .ed 
with measurement of the cardiac output during calibrated amounts of work without the complications «nd 
possible risk of cardiac catheterization. 

The subject exercises on a bicycle ergometer at a measured rate of work, which is increased in step. of 
10 or 20 watts at three minute intervals, until either the pulse rate rises above 160/min., a rate of 100 watis is 
achieved, or the patient feels too tired to continue. The cardiac output is measured by the dye dilution 
technique using Evans Blue dye injected via a catheter in the superior vena cava, the resultant curve being 
recorded by means of an ear oximeter. The output is recorded at rest, at two intermediate steps, and at the 
highest rate of work. 

Ten normal subjects and ten subjects with mitral valve disease have been investigated with the test. In 
normal subjects the cardiac output has been found to rise progressively with increasing work from resting 
levels of 5-8 litres to 15-21 litres a minute at 100 watts. The pulse rate rose at the same time to a maximum 
of 135-160 a minute. 

With this test patients with mitral stenosis were found to be more disabled than their symptoms had 
suggested. With only mild symptoms, the maximum work they could perform was often limited to 20 watts, 
at which time the ventricular rate had risen to 160 or more, whether in sinus rhythm or atrial fibrillation: the 
maximum output was 5-8 litres a minute. In a patient with mitral stenosis but entirely free of symptoms, 
the maximum output was 11 litres a minute. 


HIGH-SPEED CINE-ANGIOCARDIOGRAPHIC STUDIES OF THE RIGHT VENTRICULAR OUTFLOW TRACT 
IN PURE PULMONARY STENOSIS 


By Hamish Watson, C. Pickard (introduced), K. G. Lowe, and I. G. W. Hill 


Attention has recently beén focused on the possible role of infundibular muscle hypertrophy as an 
obstruction to the outflow tract of the right ventricle in pulmonary valvular stenosis. By high-speed cine- 
angiocardiography it is possible to visualize the dynamics of this region during the various phases of the 
cardiac cycle and this method would appear to offer valuable data in the study of the problem. 

A fairly constant pattern is emerging in those patients with valvular pulmonary stenosis in whom the 
right ventricular pressure is high enough to warrant surgical treatment. The hypertrophied muscle through- 
out the whole length of the outflow tract contracts during systole, acting as it were in opposition to the rest 
of the ventricle and thus increasing its difficulty inemptying. It may be that given a certain degree of valvular 
stenosis a vicious circle becomes established with results that do not necessarily depend on the severity of 
the initial valvular lesion. 

The paper was illustrated by slow motion films. 
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ENDOMYOCARDIAL FIBROSIS IN KENYA 
AND TANGANYIKA AFRICANS 
BY 
PETER P. TURNER AND P. E. C. MANSON-BAHR 
From King George VI Hospital, Nairobi, and the Provincial Hospital, Nyeri, Kenya 
Received April 29, 1959 


In September 1947 at the Sir Albert Cook Jubilee Meeting of the Kampala branch of the B.M.A. 
Pi ,fessor Davies read a paper in which he described endocardial fibrosis as a common cause of 
he rt failure in Africans in Uganda. He also paid tribute to Dr. Hennessey and Professor Williams, 
wi o had long realized that an odd form of heart disease existed in that country (Davies, 1948). 
Si ce then, in an excellent series of papers, the Kampala workers have carefully described the 
cli iical and pathological features of endomyocardial fibrosis and have, so to speak, put this 
di 2ase on the map (Ball et al., 1954; Williams et al., 1954; and Davies and Ball, 1955). 

Independently Bedford and Konstam in 1946 had in a short communication to the British 
Ci rdiac Society described the disease in forty young African soldiers, mostly from West Africa. 
Nvokolo (1955) has, more recently, added a few cases from West Africa. The disease has been des- 
crioed in the Sudan (O’Brien, 1954) and on the Gold Coast (Edington, 1954). In personal 
communications to Davies and Ball (1955) the disease was said to be seen in Northern Rhodesia 
and Southern Rhodesia. However, Gelfand (1958) says that the cases he sees are more 
like those of the nutritional heart disease described by Gillanders (1951) and by Higginson et al. 
(1952). The description by Becker et al. (1953) of cardiovascular collagenosis in European and 
Bantu patients from South Africa we find difficult to evaluate, but some of them may have been 
examples of endomyocardial fibrosis as we know it in East Africa. 

What seem to be typical examples of the disease have been described, although in far fewer 
numbers, particularly in American and Swiss papers, but also in others from France, Germany, 
Austria, and Britain: possibly those described by Josserand and Gallavardin (1901) were the 
earliest. The histology of some of the Uganda cases was compared with four from Liverpool 
and found to be essentially similar (Lynch and Watt, 1957), thus supporting the belief that the 
same disease entity is under consideration. Occasional cases have been reported in Chinese and 
Indians in Malaya and Singapore (Shanmugaratnam, 1949; Khaira, 1956; and La Brooy, 1957). 

We have been interested in the condition for several years and have submitted all cases dying 
of heart failure to autopsy, yet have found but few cases. It is difficult to escape the conclusion 
that the disease is less common in Kenya than in Uganda, and for this we find it difficult to suggest 
any rational explanation. The purpose of this paper is to present four cases of endomyocardial 
fibrosis, three of which occurred in Kenya Africans and one in an African from Tanganyika. 
These are the first cases to be described from these countries, although we believe that one of the 
Uganda group was a Kikuyu who lived in Kampala. 


CASE REPORTS 


The first of our patients was admitted to King George VI Hospital, in August, 1957. He was an adult 
Mkamba, who had worked for the Public Works Department for some years. His complaints were of 
headache, abdominal pain, and swelling of the legs. His only previous illness had been pneumonia. 
He had signs of severe congestive cardiac failure. His pulse was regular.and of low tension. 
The blood pressure was 96/66 and slight pulsus paradoxus was noted. The heart was considerably enlarged. 
A systolic apical murmur was heard, but was so soft as to merit little comment. A chest radiograph sug- 
gested a pericardial effusion and the clinical diagnosis of tuberculous pericarditis was made, although 
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the electrocardiogram (Fig. 1) was that of left ventricular “‘strain’’ rather than of pericarditis. There w 5 
no eosinophilia. He was treated with streptomycin, I.N.A.H., digoxin, and mersalyl. After two mont 5 
he had improved and was sent out to continue anti-tuberculous therapy. After a further month he w 5 
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Fic. 1.—Electrocardiogram, showing some left ventricular preponderance (Case 1). 


re-admitted with much the same physical signs. Pericardial tapping yielded two pints of blood-stained 
fluid. Thoracotomy, with a view to removing a constrictive pericardium, was decided upon, but at operaticn 
the pericardium was found to be quite normal and so was left undisturbed. He died a week later. 
necropsy a blood-stained pericardial effusion was found. There was no pericarditis. The heart w: 
greatly dilated, mostly due to dilatation of the left ventricle. The endocardium of the left ventricle was wh 
and thickened, particularly near the outflow tract, and some adherent thrombus covered it. There v 
also some ante-mortem thrombus in the right atrial appendage. There were the usual changes of cc 
gestive heart failure and sections of the liver showed severe cardiac cirrhosis. 

The second of our patients was from Lakeside Tanganyika, where he had worked for many yez 3. 
He had a massive hemoptysis and was treated at Musoma Hospital. He took his own discharge but s« 
began to notice breathlessness on exertion and later abdominal swelling. He decided to go to Nairobi < 
seek treatment and in April 1958, four months after his symptoms had begun, he was admitted to K 
George VI Hospital. He was found to be well-nourished, but had signs of moderate congestive card | 
failure. His pulse was regular and of feeble volume. His blood pressure was 116/70 and pulsus altern 1 
was noted. The heart was greatly enlarged and a soft apical systolic murmur and gallop rhythm wv 
heard. The diagnosis of tuberculous pericarditis was suggested, although later endomyocardial fibrosis \ 1s 
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also considered. The electrocardiogram showed left ventricular “‘strain’’. 12 per cent of the 8400 white 
blood cells were eosinophiles, but the numerous ova of S. Mansoni found in a rectal snip would adequately 
exolain this. He was treated with digoxin and mersalyl, but died within a few weeks. Autopsy showed 
sisns of congestive cardiac failure with ascites and a clear yellow pericardial effusion. The heart was 





Fic. 2.—Endocardium, showing thick layer of fibrous tissue with infiltration into myocardium (Case 2). 


greatly enlarged by dilatation of the left ventricle and atrium. There was a large patch of white and 
thickened endocardium of the interventricular septum in the left ventricle spreading through to the right 
ventricle. The chordz in the left ventricle were involved and had rendered the mitral valve incompetent. 
There were moderate bilharzial changes in the cecum. Sections (Fig. 2) showed well-marked endocardial 
and sub-endocardial fibrosis extending into the myocardium. 

Our third patient was a young Meru girl whom we estimated to be about fifteen years of age. She had 
been seen elsewhere with signs of heart failure which had responded to treatment. A chest X-ray at this 
time had shown a greatly enlarged heart. Four months later, in April 1958, she was re-admitted and later 
transferred to our care at Nyeri. She was found to have gross signs of congestive cardiac failure, with 
regular rhythm, a pulsus paradoxus that was easily felt, and a blood pressure of 90/75. The heart 
was Clinically enlarged; neither murmurs nor added sounds were heard. A chest X-ray showed no change 
from the one taken earlier. The clinical diagnosis was of tuberculous pericarditis with effusion and cardiac 
tamponade. A pericardial tap was performed and 240 ml. of clear yellow fluid was removed and some 
200 ml. of air introduced into the pericardial sac. The patient was greatly relieved by this procedure. 
Radiography (Fig. 3) after this procedure showed the pericardium to be of normal thickness. This, in our 
experience, is seldom so in tuberculous pericarditis and the diagnosis was, therefore, open to question. The 
absence of pyrexia and the normal sedimentation rate (2 mm. in the first hour (Westergren)) made the 
diagnosis of tuberculous pericarditis even more unlikely and endomyocardial fibrosis was suggested, 
An electrocardiogram showed low voltage, right axis deviation, depressed RS—-T segments in V2 and V4 
and a biphasic T wave in V2. There was never any eosinophilia. Digitalis, mersalyl, and the removal of 
another 360 ml. of pericardial fluid helped her temporarily, but one night two weeks after admission, she 
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became severely dyspneeic and died. At autopsy there were signs of heart failure with gross ascites and a 
very large pericardial effusion. There was no pericarditis. There was gross cardiac cirrhosis, whi h 
was confirmed histologically. The heart was flabby and dilated, dilatation being chiefly of the right ve :- 
tricle and atrium. There was a deep depression on the outer border of the right ventricle, which cor: >- 
sponded to the apex of the almost completely obliterated right ventricle. The endocardium in the rig it 
ventricle and atrium was a pearly-white colour. The posterior cusp of the tricuspid valve was involved n 





Fic. 3.—Chest X-ray after the introduction of air into the pericardial sac. Note 
that the pericardium is of normal thickness (Case 3). 


the process and thus rendered incompetent. The ventricle contained much old organized thrombus and 
there was yellow, firmly adherent thrombus in the appendage of the right atrium. Histologically, the picture 
was typical of endomyocardial fibrosis as seen in Uganda (Fig. 4-7). 

Our fourth patient was a Kikuyu man, nineteen years old, admitted to hospital in Nyeri duringAugust, 19538. 
He had been quite well until the previous day when he awoke with a headache, a swollen face, and breath- 
lessness. On examination he was very dyspneeic and there were mild signs of congestive cardiac failure. 
The rhythm was regular and the blood pressure was 125/75. Neither cardiac murmurs nor extra soun:s 
were heard. A chest X-ray showed the heart to be little, if at all, enlarged. There were strikiig 
shadows suggesting pulmonary oedema. He died suddenly a few days later. At autopsy the lungs we e 
grossly oedematous and there were slight congestive changes in the liver. The heart was of normal si: >. 
The left atrial endocardium was thickened and finely rugose, and in the left ventricle there were patch 's 
of thickened white endocardium on the interventricular septum extending up to the mitral valve and on 9 
the papillary muscles. Sections showed the typical changes of endomyocardial fibrosis. 


DISCUSSION 


The clinical and pathological features of endomyocardial fibrosis have been well described n 
the several papers from Uganda. Our four cases illustrate some of the ways of presentation a d 
particularly the confusion that can so easily arise with tuberculous pericarditis. Three of thc se 
cases were at one time diagnosed as such. This error may occur because a large hydropericardit n 
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sometimes complicates this condition or because the clinical picture of the type with an obliteratec 
right ventricular cavity closely resembles that of constrictive pericarditis. That the introductior 
of air into the pericardial sac may be of diagnostic help is shown in our third case. 

The electrocardiographic changes, although non-specific, may also be of assistance. Thx 
chest was opened in our first case, yet tuberculous pericarditis was most unlikely with a cardio 
gram showing such high voltage and such marked left ventricular changes. Voltage of this orde 
is, however, also unusual in endomyocardial fibrosis. The cardiogram of our third patien 
suggests right ventricular “‘strain” with an abnormally low voltage, such as was commonly see 
by Ball et al. (1954). Wood (1956) states that a hydropericardium produces neither compressior 
nor any electrocardiographic changes. It is interesting that the obliterative right ventriculai 
lesion produces the same mechanical effects as does constrictive pericarditis, even to the 
extent of an easily appreciated pulsus paradoxus as in our third case. Rigidity of the endocardia 
surface, if sufficiently severe, could produce the same hemadynamic changes as does rigidity o/ 
the pericardium. However, the condition is more likely to be related to the decreased right ven 
tricular filling capacity, as in the Bernheim syndrome occurring in mitral regurgitation or ii 
hypertension, where the septal wall projects abnormally into the right ventricular cavity anc 
leads to peripheral effects like those of constrictive pericarditis. Much of interest may be learnt 
when cardiac catheterization studies can be made in endomyocardial fibrosis. Associated with the 
low voltage cardiogram, the resemblance to contrictive pericarditis could be such that differen- 
tiation would be impossible without an exploratory thoracotomy. 

The ztiology of the condition remains obscure and we can offer no help in elucidating it. It 
is of interest that Selye (1958) has produced sub-endocardial necrosis in rats, that on healing gave 
rise to a condition closely resembling endomyocardial fibrosis. This necrosis was produced by 
treating them with certain corticoids and sodium salts, and could be prevented by administering 
magnesium chloride at the same time. Thus, sub-endocardial damage can be produced experi- 
mentally and can in healing lead to lesions strikingly similar to those of endomyocardial fibrosis. 


SUMMARY 


The widespread occurrence of endomyocardial fibrosis throughout much of the world is empha- 
sized. Its geographical incidence varies considerably. In Kenya, in spite of vigorous search, we 
have found it to be rare. Four cases are described, one being from Tanganyika and three from 
Kenya. The differential diagnosis from tuberculous pericarditis may be difficult. 


We would like to express our gratitude to Professor Williams and to Professor Davies for their help. 
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Endomyocardial fibrosis is an important cause of heart failure in this part of Africa. The 
e sential pathological lesion is a more or less extensive, often rigid and sometimes calcified, fibrosis 
c ‘the ventricular endocardium. Whether this originates as replacement of subendocardial muscle 
1 ecrosis or as organization of mural thrombus or both is not known. Clinical and pathological 
s udies by Ball et a/. (1954) and by Davies and Ball (1955) have established three important cardio- 
c ynamic effects of this lesion; (1) mitral or tricuspid incompetence (or both) from involvement 
cf the papillary muscles and chordz tendinez and sometimes of their cusps; (2) diminished amplitude 
cf ventricular action from rigid endocardial fibrosis; and (3) in some cases a big reduction in the 
caamber capacity of the right ventricle from obliterative fibrosis. In addition a large pericardial 
effusion is sometimes a main presenting feature. Combinations of these effects occur. These are 
distinctive patterns, functionally and anatomically, but since they occur in different combinations 
and the severity and extent of the fibrotic lesion varies greatly from case to case, firm and exclusive 
criteria for clinical diagnosis of endomyocardial fibrosis are still wanting. 

Ball et al. (1954) found no consistent or specific electrocardiographic features in 11 cases reported 
from this hospital. Our aim in this study is to see whether in examination of a larger series particular 
cardiographic patterns emerge in association with any of the clinical or pathological types of this 
cardiopathy that might be of value in diagnosis. 


MATERIAL 


The material of our study is 50 cardiograms from 30 patients who came to autopsy. The 
different clinical categories of endomyocardial fibrosis are all represented in this series (Table I). 
The anatomical distribution of the lesions found at autopsy is summarized in Table II, and the age 
and sex distribution of the patients in Table III. Of these 30 patients the majority were in con- 
gestive heart failure when the cardiograms were recorded. Moderate to gross cedema and ascites 
were present in all except 4, in some cases with hydrothorax or hydropericardium. Heart failure 
was predominantly left ventricular in 5 cases. 

The cardiograms were taken with the patient recumbent or semi-recumbent, calibrated to record 
1:0mV=1-0cm. In 18 cases one cardiogram only was recorded, in 12 cases two or more. When 
possible the initial cardiogram was taken before starting digitalis therapy. Of the 50 cardiograms, 
25 were recorded when the patient was not digitalized, 12 while under some degree of digitalization, 
and in 13 the extent of digitalization is not recorded. 

In 21 cases the hearts were macroscopically examined by us; in the remaining 9 our information 
about the morbid anatomy is derived from the pathologists’ reports. 


RESULTS 


The incidence of abnormal features in the electrocardiogram is summarized in Table IV. It will 
be seen that low voltage curves and changes in the P wave arecommon. There are a few examples 
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TABLE I 
CLINICAL ANALYSIS OF 30 CASES OF ENDOMYOCARDIAL FIBROSIS 








ss : Number of 
Clinical presentation | pect 
Lone mitral incompetence a és os Ae wt 1] 
Mitral and tricuspid incompetence 3 
Lone tricuspid incompetence a 0 ou ws 2 
Right ventricular obliteration .. a Ee “ — 2 
Pericardial effusion es a = a ee me 2 
Heart failure without other distinguishing features .. ee 10 





TABLE II 


DISTRIBUTION OF LESIONS IN THE HEART AT AUTOPSY IN 28 CASES* OF 
ENDOMYOCARDIAL FIBROSIS 








Sites of endocardial lesions and valve affected | — of 

Right ventricle " ; : 

Parietal, not amounting to obliterative fibrosis .. —— 8 

Parietal, with obliterative fibrosis .. aa ee a 12 

Tricuspid incompetence - nh one re ee 16 
Left ventricle 

Parietal 7 me - oe ws jar <2 Ge 26 

Mitral incompetence .. oF me ai ier or Bie 20 





* Two cases with inadequate autopsy records are not included. 


TABLE III 3 
AGE AND SEX DISTRIBUTION IN 30 CASES OF ENDOMYOCARDIAL FIBROSIS 








| | 
Age in years | 10-19 | 20-29 | 30-39 40-49 50-59 Total 
a a a 7. ee oe 12 3 i a 
Female ‘ a we 1 | + 2 1 0 8 
| | 





Note.—The ratio of male to female medical admissions at Mulago Hospital is approximately 2-5 to 1-0 (Shaper and 
Shaper, 1958). 


of A-V conduction delay, none of A-V dissociation, and none of S-T deviation attributable to 
“injury” effect. These findings are discussed in relation to the atria, the ventricles, A-V and 
intraventricular conduction, and the state of the myocardium. 

The P Wave. There is evidence of atrial hypertrophy or strain in a large proportion of thes: 
patients. Three had fibrillation and one had atrial extrasystoles. Prominent P waves exceeding 
accepted limits for height or width or both were present in 15 patients out of 28 observed in sint's 
rhythm. 

In the patients with atrial fibrillation, 2 had large pericardial effusions. One of these, when fir t 
seen, had atrial flutter which changed to fibrillation under observation. Both were shown :t 
autopsy to have endocardial fibrosis affecting both ventricles, one having obliterative fibrosis of tl > 
right ventricle. The third patient had a normal P wave when first seen in sinus rhythm with rig] t 
bundle-branch block; atrial fibrillation developed under observation nine days later. Thus it can t 2 
stated that a finding of atrial fibrillation is not inconsistent with a diagnosis of endomyocardi | 
disease. 
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TABLE IV 


INCIDENCE OF ABNORMAL ELECTROCARDIOGRAPHIC FINDINGS IN 30 CASES OF 
ENDOMYOCARDIAL FIBROSIS 





Number of cases 





P mitrale .. a ne i e = az in] 12 
P pulmonale ga es os a ae 
Atrial flutter or fibrillation 


P-R exceeding 0:20 second... i se a wd 
Complete right bundle-branch block .. 


Incomplete right bundle-branch block 
Complete left bundle-branch block 


— 
m—wWN NNW fon) Www 


Right ventricular preponderance 
Left ventricular preponderance 
Combined right and left ventricular preponderance . 


QRS less than 0-5 mV in all limb leads 


—_ 
an ~ 


T waves flat or inverted 





TABLE V 


THE P WAVE CORRELATED WITH CLINICAL AND/OR PATHOLOGICAL EVIDENCE OF MITRAL 
AND TRICUSPID INCOMPETENCE IN 30 CASES OF ENDOMYOCARDIAL FIBROSIS 


| | 











No valve | 
P wave pattern M.I.andT.I.| Lone M.I. | Lone T.I. | involvement | Total 

| | | | recorded | 
Mitrale . 8 3 | 1 | — | 12 
Pulmonale 1 1 1 —- 3 
Atrial flutter or fibrillation 1 1 1 — 3 
Unremarkable . 5 4 1 2 } 12 

15 | 9 


= 
N 
w 
o 





M.I.= Mitral incompetence 
T.I.=Tricuspid incompetence 


Similarly an abnormal P wave is shown to be a frequent finding in this series (Table V). 

The P wave was conspicuous, widened, bifid, rounded or flat-topped and exceeded 0-12 sec. 
in 12 cases. This P mitrale pattern was associated with clinical or autopsy evidence of mitral 
incompetence and left atrial enlargement in 11 of these 12 cases; 8 of them had combined mitral 
and tricuspid incompetence, generally with bi-atrial enlargement. The twelfth was a patient 
in whom the tricuspid valve only was involved, resulting in tricuspid incompetence and right atrial 
enlargement. 

In 3 cases the P wave was tall and sharp and exceeded 2mV. In one of these this P pulmonale 
pattern was associated with combined mitral and tricuspid incompetence, one with lone mitral 
incompetence, and one with lone tricuspid incompetence. 

Of the 24 cases with clinical or autopsy evidence of mitral incompetence (alone or combined with 
tricuspid incompetence) 11 had P mitrale, 2 had P pulmonale, 2 atrial fibrillation, and in 9 the P 
wave was unremarkable. Of the 19 cases with clinical or autopsy evidence of tricuspid incompetence 
(alone or combined with mitral incompetence), 9 had P mitrale, 2 P pulmonale, 2 atrial fibrillation, 
and in 6 the P wave was unremarkable. In the two patients in this series with no record of mitral or 
tricuspid involvement, the P wave was normal. 

Thus it can be seen that in 10 out of 15 cases of combined mitral and tricuspid incompetence 
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there was abnormal atrial electrical activity—in most of these cases appearing as P mitrale—a d 
an abnormal atrial electrogram occurred in 15 out of 24 cases in which mitral incompetence, alc \e 
or with tricuspid incompetence, was present. 

A-V Conduction. Atrio-ventricular conduction delay was demonstrable in the cardiograms >f 
6 patients out of 27 who remained in sinus rhythm. Of these 6 patients with prolongation of P 2 
interval, 5 had P mitrale also. Two of the 6 had not been on digitalis, 3 were fully digitalized, anc n 
1 the record was not available. Partial or complete A-V block has not occurred in this ser 
The A-V bundle is in fact remote from the sites commonly affected by endomyocardial fibrosis 

QRS—Ventricular Preponderance. In the cardiograms with evidence of preponderance =r 
hypertrophy, changes of right ventricular pattern outnumbered those of left ventricular patt« n 
(Table IV). Right ventricular preponderance in the cardiogram corresponded well with the findi g 
of right ventricular enlargement at autopsy, but less closely with the presence or extent of enc - 
cardial fibrosis in this chamber. Of the 3 cases with left ventricular preponderance, 2 had large |: it 
ventricles and severe endocardial fibrosis of this chamber at autopsy. There was one case of co..i- 
bined right and left ventricular preponderance (Pagnoni and Goodwin, 1952). 

QRS—Bundle-Branch Block. Cases are shown in Table IV as preponderance or as incomplcie 
bundle-branch block (not both) when there were QRS changes that could equally be ascribed io 
one or the other or to the presence of both together. Thus there was evidence of incomplete 
bundle-branch block in two cases and this factor may also have been present in some of those we 
have placed in the ventricular preponderance groups. Complete bundle-branch block was present 
in 5 cases; 2 left, 3 right. 

No association was found in this series between the severity of the endocardial lesions at autopsy 
and evidence of intraventricular conduction defect in the cardiograms. Although the septum is 
frequently involved in endomyocardial fibrosis, damage to the inner layer of the myocardium, if 
any, is usually more severe in the region of the apex, at a distance from the main right and left 
branches of the A-V bundle. The infrequency of complete bundle-branch block cardiograms in 
our series is consistent with these facts. It is, however, remarkable that incomplete bundle-branch 
block pattern is not commoner in association with a subendocardial lesion, which so often extends 
from the apex over a considerable area of the walls of one or both ventricles. 

QRS—Low Voltage. A voltage of QRS below normal in the limb leads was extremely common 
and was sometimes evident in chest leads also. In more than half the patients in this series the 
maximum QRS voltage in any limb lead was less than 0-5 mV, and in most of the remainder less 
than 1-0 mV. 

Most of our patients were in severe heart failure, and we do not suggest that the association of 
low voltage cardiograms with endomyocardial disease in this series is in any way specific. 

The S-T Segment and the T Wave. Flat and inverted T waves were not infrequent. These 
were generalized, and consistent with chronic pericarditis in 3 cases, in one of which a large persist- 
ing pericardial effusion was present. The pathological Q and T waves of myocardial infarction 
were not seen in this series. 

Cardiograms were examined for significant deviation of the S-T segment both as evidence of 
digitalis effect and of possible myocardial injury effect, reflecting a specific active myocardial lesion 
in this disorder. Neither effect has been seen in this series. 


DISCUSSION 


The material for this study is weighted in the direction of gross or chronic lesions by the criteri »n 
of autopsy proof of diagnosis, and does not allow us to draw any conclusions about the possi! le 
electrocardiographic features in the earliest stages of endomyocardial fibrosis. 

The high incidence of atrial hypertrophy or strain in the shape of P mitrale and P pulmonale a id 
atrial fibrillation in these late cases suggests comparison with chronic rheumatic mitral disea e. 
It is from rheumatic mitral disease and from tuberculous constrictive pericarditis (also frequen ly 
associated with fibrillation) that the differential diagnosis of endomyocardial fibrosis is most diffic ilt 
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on the basis of clinical physical signs (Ball et al., 1954). Thus the electrocardiographic features of 
endomyocardial fibrosis are in this respect in line with its other clinical manifestations. 

\s a specific indicator of a lesion affecting the inner myocardial layer the electrocardiogram has 
bee: disappointing in the later stages of endomyocardial fibrosis. There is no transmural lesion 
in «adomyocardial fibrosis, and therefore no pathological Q wave. Furthermore the myocardial 
dar age is not extensive, is confined to the inner one-third or less of the thickness of the muscle, and 
is 12ver epicardial. Thus the electrical activity of intervening healthy muscle would prevent a 
cur 2nt of injury set up at the cavity surface from influencing appreciably the conventional limb and 
che t lead cardiogram. In line with this view are the observations of Prinzmetal et al. (1954) on 
exp rimentally produced subendocardial infarcts in dogs. On the other hand Yu and Stewart 
(19 0) have reported a transient and reversible RS-T segment depression in subendocardial myo- 
car ial infarction in man, and Pruitt et a/. (1955) were able to relate deep inversion of T waves in a 
lar,e series of cases with severe coronary insufficiency to localized subendocardial infarction 
der onstrated at necropsy. Myocardial damage, when it occurs in endomyocardial fibrosis, is 
pat shy and less localized than in subendocardial infarction. We have not found deep inversion 
of waves in our cases of advanced endomyocardial fibrosis, although flattening and lesser degrees 
of’ wave inversion were common. The frequent occurrence of low voltage QRS and of T wave 
in\ -rsion is consistent with the state of advanced or recurrent heart failure of most of our patients. 
Hc w far these non-specific electrocardiographic features are the product of an actual myocardiopathy 
or eflect rather alterations in the volume conductor (e.g. edema, effusions, and electrolyte changes 
in the body fluids) we do not know. 


SUMMARY 


The electrocardiographic findings in 30 cases of endomyocardial fibrosis, proved at autopsy, 
have been studied with reference to their association with the pathological changes and their 
hemodynamic effects. 

An abnormal atrial electrocardiogram was common, and was closely correlated with mitral or 
tricuspid incompetence and atrial enlargement. The most common pattern was the P mitrale. 
Atrial fibrillation also occurred. 

Prolongation of atrio-ventricular conduction time and examples of intraventricular conduction 
defect both occurred, but the latter were infrequent considering the extent of the endocardial 
lesions in these cases. 

Right ventricular preponderance was a common finding. 

Low voltage of QRS and non-specific T wave changes were common. 

No specific diagnostic pattern of the cardiogram in endomyocardial fibrosis emerges from this 
study, but it is shown that abnormalities of the P wave, low voltage of the QRS, and flat and inverted 
T waves are common in the later stages of this cardiopathy. 


We are indebted to many colleagues in the Medical and Pathology Divisions of the Hospital for allowing us to see 
their patients, clinical material, and autopsy records, and to Mrs. Ruth Coles of the Department of Pathology in the 
Medical School for assistance with the autopsy material. 


REFERENCES 


Ball, J. D., Davies, J. N. P., and Williams, A. W. (1954). Lancet, 1, 1049. 

Davies, J. N. P., and Ball, J. D. (1955). Brit. Heart J., 17, 337. 

Pagnoni, A., and Goodwin, J. F. (1952). Brit. Heart J., 14, 451. 

Prinzmetal, M., Shaw, C. McK., Maxwell, M. H., Flamm, E. J., Goldman, A., Kimura, N., Rakita, L., Borduas, J. L., 
Rothman, S., and Kennamer, R. (1954). Amer. J. Med., 16, 469. 

Pruitt, R. D., Klakeg, C. H., Chapin, L. E. (1955). Circulation, 11, 517. 

Shaper, A. G., and Shaper, L. (1958). E. Afr. med. J., 35, 647. 

Yu, P. N. G., and Stewart, J. M. (1950). Amer. Heart J., 39, 862. 














THE ELECTROCARDIOGRAM IN SUBARACHNOID HA-SMORRHAC | 


BY 


SAM SHUSTER 
From the Medical Unit, Cardiff Royal Infirmary 
Received July 27, 1959 


Myocardial infarction has been found post mortem in many patients with strokes (Doz.i, 
1937 and 1940; Wilson et al., 1951; Stiirup, 1952; and Glathie and Achor, 1958), and Dozzi (193) 
found electrocardiograms diagnostic of myocardial infarction in 8 of 66 patients with a stroke. 
These observations have led to the view that many cerebrovascular accidents result from a preceding 
cardiac infarction. However, Burch et al. (1954) and Popov (1#55) found electrocardiographic 
abnormalities in patients with cerebrovascular accidents in whom they could find no evidence of 
myocardial infarction. The possibility therefore arises that the abnormal electrocardiograms found 
in certain patients after a vascular incident may be the result of the cerebral episode itself rather 
than of concurrent or antecedent cardiac infarction. 

Seven of the 17 patients reported by Burch et al. (1954) had a videamaadieiatia hemorrhage, and 
7 others had blood in the cerebrospinal fluid after a cerebral hemorrhage or unclassified cerebro- 
vascular accident. We therefore thought it possible that the electrocardiographic abnormalities 
they described might have been related to subarachnoid rather than to intracerebral hemorrhage. 
The present investigation was made to study the frequency of cardiographic abnormalities in 
patients in whom there had been bleeding into the subarachnoid space. 


RESULTS IN OUR PATIENTS 


In every patient the clinical diagnosis of subarachnoid hemorrhage was confirmed by the finding 
of a blood-stained or xanthochromic cerebrospinal fluid. Two groups of patients were studied. 

(1) Primary Subarachnoid Hemorrhage. All patients admitted to the Cardiff Royal Infirmary 
in a three-month period in whom a ruptured berry aneurysm was thought to have been the immediate 
cause of a subarachnoid hemorrhage. There were twelve patients in this group and in eight an 
aneurysm was demonstrated by carotid angiography. Their ages were between 25 and 50, and five 
of them were under 40 years of age. 

(2) Secondary Subarachnoid Hemorrhage. All patients admitted to two wards of the hospital 
in the same period in whom subarachnoid bleeding seemed to have followed an intracerebril 
hemorrhage (six) or an embolus (one patient). The ages of these patients lay between 40 and 
60 years. 

Twelve-lead electrocardiograms were taken on all patients as soon as possible after admissicn 
to hospital, and again at intervals of days or weeks. The concentration of Na, K, Cl, and CC, 
were measured in blood collected at the time of the initial cardiogram. In four patients wi 4 
cardiographic abnormalities the stellate ganglion was anesthetized on one or both sides by inf’- 
trating the region of the sixth cervical transverse process with 5 ml. of 2 per cent procaine; in <'l 
four this produced a Horner’s syndrome. Further electrocardiograms were then taken, and in thr: e 
patients they were taken before and after 0-6 mg. atropine was injected intravenously. 

Findings in Both Groups. The following features were found in patients from both group. 
Bradycardia occurred in both groups and the heart rate was 70 a minute or less in eight patient ;. 
Ten patients had a sinus arrhythmia that was not related to phase of respiration. Transient atri ‘1 
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fibrillation was noted in one patient, and three had multiple atrial ectopic beats. Ventricular ectopic 
beats were seen in only one patient. 

The corrected Q-T interval (Goldberger, 1948) was short, ranging from 0-65 to 1-0 sec. for both 
groups with a mean of 0-82 second. 

U waves were taller than 0-05 mV in 10 out of the. 19 patients. They occurred in standard and 
pi ecordial leads of patients from both groups. Fewer than 5 per cent of normal electrocardiograms 
h: ve U waves of this amplitude (Papp, 1940). 


T Waves and S-T Segments 


The findings in patients with a secondary subarachnoid hemorrhage are described first, since 
th -y serve as a control to the patients in whom the hemorrhage was primary. 

(a) Patients with Secondary Subarachnoid Hemorrhage. In all seven, T waves were depressed 
0: inverted in leads V5 and V6, and in two there was slight S-T depression in these leads. All 
th se patients had high blood pressure with clinical or radiological evidence of hypertensive heart 
di ease, and the electrocardiographic abnormalities could therefore be attributed to left ventricular 
st ain. In one patient the S-T segments were slightly depressed in the standard and anterior chest 
le ds, but became iso-electric within 24 hours. 
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Fic. 1.—Electrocardiograms of two patients at intervals: (A) 6, 9, and 44 days, and (B) 5, 7, 11, and 14 days 
after subarachnoid hemorrhage. (A) Man, aged 48. Aneurysm on anterior communicating artery. 
(B) Woman, aged 50. Aneurysm on right middle cerebral artery. 
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(b) Patients with Primary Subarachnoid Hemorrhage. There were twelve patients in this grou ». 
In contrast with the previous group there were only three with a high blood pressure and only o e 
with evidence of pre-existing hypertensive heart disease. In six of these, however, T waves we e 
inverted in the standard leads, lead aVF, and in the precordial leads (Fig. 1,2, and3). In two othe s 
the T waves were flat. 





Fic. 2.—Electrocardiogram recorded 23 days after subarachnoid hemorrhage. 
From a man, aged 45, with an aneurysm presumed but not demonstrated 
by carotid angiograms. 





Fic. 3.—Electrocardiogram taken two days after sub- 
arachnoid hemorrhage, from a man, aged 25, with 
an aneurysm on right middle cerebral artery. 


Moderate displacement of S-T segments was seen in electrocardiograms from two patients 
(Fig. 2 and 3) and slight displacement was seen in tracings from three others (Fig. 1). In three, 
these abnormalities were observed within a few hours of the apparent time of onset of the sub- 
arachnoid hemorrhage. Tall pointed T waves were found in three records. Thus significant 
abnormalities in the S-T segments and T waves were found in the electrocardiograms of about 
half of the patients with a primary subarachnoid hemorrhage. 

The electrocardiographic appearances were not related to the site of aneurysm, the site and degre 
of brain damage as assessed clinically and by electroencephalogram, or the cerebrospinal flv .d 
pressure. Hypotension was not recorded in any of these patients and only three had a high blo od 
pressure, although transient high or low blood pressure could have occurred after the hemorrha ze 
and before admission to hospital. The serum concentrations of sodium, potassium, and chlor: !e 
were within normal limits, and the patients were not dehydrated. The plasma alkali reserve v 1s 
likewise normal in the two patients in whom it was measured. 

Subsequent Course. Further electrocardiograms were taken at intervals in eight patien s: 
they showed a return towards normal in two within two days of the hemorrhage, in two after sey :n 
days, and in one after fourteen days (Fig. 1B). In the three others, however, T wave depress: »n 
was still present 17, 35, and 44 days after the hemorrhage (Fig. 1A). In four patients with abnor 
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T waves (one with primary and three with secondary subarachnoid hemorrhage), electrocardio- 
groms were taken before and after stellate ganglion block, carotid sinus pressure, and intravenous 
inj2ction of atropine. The changes in the T waves and S-T segments observed after these procedures 
wee not consistent. 

Carotid angiography did not appear to affect the tracings. 


Post-mortem Findings 


The hearts of three of the patients who had died after a subarachnoid hemorrhage from a berry 
an ‘urysm were examined. Two of the three had had electrocardiographic abnormalities, one with 
gi. at T waves and one with paroxysmal atrial fibrillation. The heart muscle was sliced in two 
di 2ctions in half-centimetre cuts. The coronary arteries, myocardium, and pericardium were 
nc ‘mal in all three patients. 


DISCUSSION 


The results confirm that abnormal electrocardiograms may be found in patients with intracranial 
« morrhage (Burch et al., 1954; and Popov, 1955). The most striking abnormalities both in the 
ea lier and in the present investigations are T wave inversion and displacement of the S-T segments 
su zgestive of myocardial infarction. In contrast with the findings of Burch et al., the corrected 
QT interval was shorter than normal in the present series, which lends support to the suspicion of 
th:se workers that they were in fact measuring the Q—-U and not the Q-T interval. In addition, 
atiial arrhythmias were common in our patients. There is no reason to suppose that rupture of a 
berry aneurysm in relatively young and otherwise healthy patients either produces myocardial 
iniarction or is precipitated by it. It must be concluded therefore that displacement of the S-T 
segments is not indicative of infarction in these patients. The complete lack of clinical evidence of 
myocardial infarction supports this conclusion. It is of interest that similarly displaced S-T 
segments have been observed in patients with acute pancreatitis in whom there was no myocardial 
infarction post mortem (Pollock, 1959), and that various procedures, including even ingestion of 
water, may cause transient T wave inversion (Brotmacher, 1955). 

The explanation of these abnormalities is not clear, although our findings suggest that blood in 
the subarachnoid space is a more important factor than damage to the brain. This may well 
account for the high incidence of subarachnoid hemorrhage in the group of patients described by 
Burch et al. (1954), though three of them did not have a subarachnoid hemorrhage, and similar 
cardiographic abnormalities may perhaps occasionally occur with intracerebral lesions. 

Abnormal plasma sodium concentrations have been noted in patients with intracranial disease 
(Fourman and Leeson, 1958), and Burch et al. (1954) suggested that an abnormality of “electrolyte 
metabolism” might be responsible for the electrocardiographic findings in their patients, although 
they had no direct evidence on this point. Our finding of normal concentrations of sodium, potas- 
sium, and chloride in the plasmas of our patients does not favour this hypothesis. 

Popov (1955) attributed the electrocardiographic abnormalities to a nervous mechanism. The 
present study does not allow of any conclusion on this point. However, with the exception of a 
normal P-R interval, the electrocardiographic findings in patients with subarachnoid hemorrhage 
resemble the effects of vagal stimulation. Direct stimulation of the vagus in dogs (Robb and Tur- 
man, 1947) and indirect stimulation in man by carotid sinus pressure (Nielsen and Trier, 1939) will 
reduce the QTc interval. Transient vagal stimulation increases the amplitude of the T waves 
(Byer et al., 1947) but prolonged stimulation leads to negative T waves and S-T depression (Man- 
ning et al., 1937). Further investigation of the part played by the autonomic nervous system might 
therefore lead to a better understanding of the electrocardiographic abnormalities that may follow 
subarachnoid hemorrhage. 

Since submitting this paper I have given atropine (1/100 of a grain intravenously) to a patient 
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effect on the heart rate. 


Twelve-lead electrocardiograms were 
hemorrhage. 
common. Abnormalities of the T waves 


was due to rupture of a berry aneurysm. 
Serum electrolyte concentrations were 
the hearts of three of the patients. 


with electrocardiographic abnormalities associated with a subarachnoid hemorrhage. 
pressed S-T segments rapidly became more isoelectric, and this was clearly dissociated from a y 


Bradycardia, supraventricular arrhythmias, a short Q-Tc, and U waves we ; 


disease or high blood pressure were found in about half of the patients in whom the hemorrha 


The general similarity of the electrocardiograms in the 
patients with the changes produced by vagal stimulation suggests a possible explanation for the finding ;. 


I am grateful to Mr. Charles Langmaid and Dr. J. D. Spillane for allowing me to see patients under their caie 
and to Professor Harold Scarborough and Dr. William Phillips for their valuable advice. 
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The first description of a congenital bicuspid aortic valve was made by Giinsberg in the year 
18-6. The pathogenesis of this malformation has been ascribed either to fusion of two adjacent 
va vular edges during fcetal life (Peacock, 1865) or to failure of a valvular cusp to develop (Peacock, 
186). 

Early publications on this subject have dealt mainly with its embryological and pathological aspects 
(Giinsburg, 1846; Peacock, 1865; Osler, 1866; Koletsky, 1941; Bettini, 1957), while clinical reports 
have been scanty and usually retrospective, the clue to a tentative intra vitam diagnosis usually 
being the implantation of subacute bacterial endocarditis upon a bicuspid aortic valve (Bourne, 
1946; Tranchesi et al., 1954). 

The introduction of left heart catheterization into clinical medicine (Bjérk et al., 1953) provided 
the opportunity of appraising the dynamics of this congenital malformation. The possibility, 
however, remained for some time only theoretical from lack of confirmation, either surgical or 
by necropsy. The difficulty has been overcome with the advent of open heart surgery which affords 
the opportunity for verification of the clinical diagnosis. The present report deals with the clinical, 
radiographic, electrocardiographic and hemodynamic data of six proven cases of congenital 
bicuspid aortic valves, five of which were associated with varying degrees of commissural fusion. 


MATERIAL AND METHODS 


Three men and three women form the present group, their age ranging from 9 to 27 years. In 
each case clinical data were obtained as well as routine twelve-lead electrocardiograms and 
roentgenograms in the four conventional positions. Criteria for left ventricular hypertrophy were 
those of Sokolow and Lyon (1949): an S wave in V1 of 24 mm. or more was also included in the 
criteria for left ventricular hypertrophy (Kossmann and Johnston, 1935). 

Left heart catheterization alone was performed in two patients. In one of them the left heart 
needle was advanced into the right atrium on the first pass, so that also right atrial and ventricular 
pressures were available. One patient had right heart catheterization alone and three had left and 
right heart catheterization carried out at different times. Left heart catheterization was performed 
utilizing the technique employed in our laboratory (Bougas et a/., 1956); right heart catheterization 
as described by Cournand and Ranges (1941). All pressures were recorded by means of Statham 
P23D strain gauge manometers on an electronic photo-oscillograph. The mean pressures were 
obtained by electronic integration at the time of catheterization. The cardiac output was determined 
by the direct Fick principle. Blood gas analysis was performed according to the technique of 
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Van Slyke and Neill (1924). Aortic valve flows and areas were calculated employing the modi‘ ed 
Gorlin and Gorlin formule (Gorlin and Gorlin, 1951; Goldberg et al., 1957). No patient ‘as 
receiving digitalis at the time of the study. 

Four patients were operated upon under hypothermia and two with the use of a pu ap 
oxygenator.* In all six, a transaortic approach was utilized and the aortic valve inspected and he 
obstruction, when present, relieved under direct vision. 


RESULTS 
In all patients the aortic murmur was discovered between birth and the age of five. Symptc ns 
were absent in one and minimal in five, consisting of fatigue (3), exertional dyspnea and obesity 1), 
and fatigue and exertional dyspnoea (1) (Table I). 
The apical impulse had a normal location in all. A systolic thrill was present in the second ri :ht 
intercostal space in each case and its auscultatory equivalent was a grade III or IV rough syst lic 


TABLE I 
CLINICAL DATA IN BicuspiID AORTIC VALVE 





| : | 
| | Signs | 
| 


Name | Sex | Age | Symptoms | Mi | A2 Aortic | Aortic | Aortic 


| | systolic | systolic | diastolic 


Radiology | ELC. 
| | thrill | murmur | murmur | 





a 
a 
= 
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Slight fatigue | N | N + Grade — N. heart size; | Normal 
3 slight — dilat. 


| 
| 
| asc. aorta 





Grade — N. heart size; | L.A.D. 
4 slight _ dilat. 
asc. aorta 
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27 | Slight fatigue | $ 





| 
| 
| 
| 
27 | Slight fatigue | s |N | + 
} } 
| | 
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+ | Grade | Grade | + heart size | L.V.H. 
| | | 3 1 | +Lv. | 
| Round left bor- 
der 
+ dilat. asc. 
| aorta 
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++ heart size L.V.H. 
+ L.V. 
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and dyspnea 


elong. left 


ss F | 12 | Minimal fatigue | N 
| 
| | . 
| | border 





| Slight dyspnoea Ss N + Grade — + heart size L.V.H. 
3 + L.V. 
| | + dilat. asc. 








aorta 





J.G. M | 11 None | N N + Grade = ++ heart size | L.V.H 
3 + LV. 


| 
| Round _ elong. 
| 





border 

















| 
! 








Key to abbreviations: M=male; F=female; N.=normal; S=split; L.V.H.=left ventricular hypertror 1y; 
L.A.=left atrium; L.V.=left ventricle; B.A.=brachial artery; P.A.=pulmonary artery; R.V.=right ventri lc; 
R.A.=right atrium; C.O.=cardiac output; A.V.F.=aortic valve flow; A.V.A.=aortic valve area; SE sec.=sysit lic 
ejection second; B.A. V.=bicuspid aortic valve. 


* All the operations were performed by Dr. C. P. Bailey at the Bailey Thoracic Clinic. 
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CONGENITAL BICUSPID AORTIC VALVE 





A B Cc 


F 5. 1.—{A) Normal heart size and slight dilatation of the ascending aorta in patient J.C. with left axis deviation 
in an otherwise normal electrocardiogram, small aortic gradient, and minimal fusion of both aortic com- 
missures. (B) Rounding of the left cardiac border and dilatation of the ascending aorta in patient J.R. with early left 
ventricular hypertrophy in the electrocardiogram, moderate aortic gradient, and slight fusion of both aortic 
commissures ; (C) Left ventricular enlargement in patient M.A.G. with left ventricular hypertrophy in the electro- 
cardiogram, moderate aortic gradient, and moderate fusion of the commissures. 


murmur in the same area. The murmur constantly radiated with decreased intensity to the neck, 
leit sternal border, and apex and, rarely, to the back. The second aortic sound was normal or 
accentuated and the second pulmonary sound normal in all patients. The mitral first sound was 
normal in three and split in the other three. A faint, early blowing diastolic murmur was heard along 
the left sternal border in one case (Table I). 

The size of the heart was normal in two (R.T. and J.C.), 1+ in two, and 2+ in two patients on 
the basis of 1 to 4+ grading. The contour of the left cardiac border was normal in two (R.T. and 
J.C.) and elongated and/or rounded in four with a normal to 1+ left ventricle. Some 
dilatation of the ascending aorta was noticed in four patients while the aortic knob and the pul- 
monary vascular markings were normal in all (Table I and Fig. 1). No aortic valve calcification was 
observed. 

The electrocardiogram was normal in one patient (R.T.) and left axis deviation was present in 
a second (J.C.). Four patients had clear-cut evidence of left ventricular hypertrophy as judged by 
the presence of flatness or inversion of the T wave and, less frequently, of RS-T segment depression 
and/or increased voltage of the QRS complex in the leads facing the left ventricle (Table I and Fig. 2). 

The intracardiac pressures were normal in all six patients. Of the five in whom left heart cathe- 
terization was performed, a left ventricular to brachial artery systolic ejection pressure gradient was 
absent in one (R.T.) and slight to moderate in four, not exceeding 43 mm. Hg. The calculated 
aortic valve area was 0-8, 0-9, and 1-2 cm.? in the three patients in whom it was measurable (Table 
II and Fig. 3). 

In one case (R.T.) with normal radiogram and electrocardiogram and no pressure gradient 
across the aortic valve, the orifice at surgery did not show any evidence of commissural fusion. 
Patient J.C. with normal size heart, left axis deviation on the electrocardiogram, and a small aortic 
gradient presented minimal fusion of both commissures. Of the remaining four patients with 1 or 
2+ cardiac enlargement, electrocardiographic evidence of left ventricular hypertrophy, and moderate 
aortic gradients, one showed slight, and one moderate, bilateral commissural fusion, the third had a 
unilateral fusion which extended beyond the midline producing an eccentric, tear-drop orifice, and the 
last showed marked bilateral stenosis. In this patient what appeared to be a rudimentary left 
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coronary cusp could be seen in the fused tissue of the left anterior commissure. In addition, :n 
aneurysm of the sinus of Valsalva of the right coronary cusp was present and considered by t e 
surgeon as secondary to the impact of the jet of blood on the aortic wall during left ventricul r 
ejection (Table II). x 
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Fic. 2.—({A) Normal electrocardiogram in patient R.T.; left axis deviation in patient J.C. ; crit 

T wave inversion in lead II, III, and aVF in a semi-vertical heart, and upright T wave in Tre 
aVR consistent with early left ventricular hypertrophy in patient J.R. (B) All three 

tracings display evidence of RS-T segment depression and/or T wave flatness or in- ten 

version in the leads facing the left ventricle and are indicative of left ventricular hyper- car 


trophy. (Some of the tracings are retouched.) 
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TABLE II 
CARDIAC CATHETERIZATION DATA IN SIX PATIENTS WITH BICUSPID AORTIC VALVE 



























































Pressures (mm. Hg) L.V.-B.A.| C.O. A.V.F. | A.V.A. 
Nime | ey gradientf |(I./min.)} (c.c./S.E. ,| (cm.2) | Operative findings 
|LA.|L.V.| BA. | PA. |R.V.| R.A. | (mm. Hg) sec.) 
R. — 96 | 96 el 13 13 | (3) 0 — — — |Bicuspid aortic valve 
| | 5 | 62)*| 700 | 2 (B.A.V.) 
xc. | @) | 140 | 112 13,..| 13|(-1)} 14 41 186 1-2 B.V.A. 
“5 | oe | 60% —1 Minimal fusion of 
both commissures, 
(4) | 145 | 99 (78) 20 | 20} () 40 — — — more pronounced at 
2 67 —2 | ~2 the antero-medial 
i (7) | 146 | 108... | — | —| — 38 — | - iad B.V.A. 
| 3 | se0® | we | Slight fusion of both 
| | | | commissures 
M.4.G.| (10) | 150 | 105...| — | 24] a) | 30 35 | 185 08 B.A. 
9 | 67 ® | 1 | | Moderate fusion of 
| | both commissures 
B». | 1) | 138| 73,-.|20,..| 26] ©) 43 | 53 | 258 0-9 B.A.V. 
= | 347 eaD) > | | | Complete fusion 
| | | of antero-medial 
| comm. with eccen- 
| | | | | | tric tear-drop orifice 
i. | | 105, |20..| 02| @| — ack th B.A.V. 
| go 87) | 52) >| | | | Marked fusion of 
| | bothcomm. Aneu- 
| | rysm of the sinus 
| | | Valsalve.  Rudi- 
| mentary left coro- 
| | | | | nary leaflet 
| | 








* Aortic pressure. : 
+ Gradients measured by planimetry. 


DISCUSSION 


Congenital bicuspid aortic valve when associated with other congenital cardiac lesions is probably 
the most common single malformation of them all (Koletsky, 1941). It occurred in 18 (29 %) 
of 63 necropsies in the series by Koletsky (1941) and in 11 (21 °%) of 52 in the series of Tranchesi 
et al. (1954). Koletsky estimates its incidence at between 0-5 and 1 per cent of all necropsies. 

The frequent association with coarctation of the aorta is well recognized (Abbott, 1928; Smith and 
Matthews, 1955; Keith et a/., 1958). Even as an isolated lesion its incidence appears to be signifi- 
cant: it was present in 9 of the 18 cases of the series by Koletsky and in 8 of the 11 by Tranchesi 
et al., mentioned above. 

The frequent development of subacute bacterial endocarditis as a complication in this condition 
has been perhaps over-stressed (Lewis and Grant, 1923). The occurrence of this infection in patients 
with no previous history or symptoms of heart disease has constituted so far the only indirect 
criterion for the tentative clinical diagnosis of congenital bicuspid aortic valve (Bourne, 1946; 
Tranchesi et al., 1954). This approach implicitly recognizes the great difficulty of reaching even a 
tentative diagnosis of bicuspid aortic valve in the absence of complicating subacute bacterial endo- 
carditis. Yet this series, showing no past or present evidence of subacute bacterial endocarditis, 
shows that uncomplicated congenital bicuspid aortic valve is not rare, confirming thereby a 
previous report (Koletsky, 1943). 
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Fic. 3.—Simultaneous pressure recordings from the left ventricle and 
brachial artery, showing respectively a small and moderate aortic 
systolic ejection pressure gradient in patients J.C. and J.R. 


The need for improved diagnostic refinement is recognized. The statement by Tranchesi 
et al. that uncomplicated bicuspid aortic valve is impossible to diagnose because ‘when 
present as an isolated finding (it) does not give rise to a hemodynamic disturbance and consequently 
produces no clinical signs”’ cannot be accepted on the basis of the data at hand. 

The assumption of a congenital origin of the cases herein reported is justified by the absence of a 
history of rheumatic fever or of any other major illness and by the discovery of a murmur before 
the age of five. The rarity of rheumatic fever before this age is well known (Hedley, 1940; Cohn and 
Lingg, 1943). The preponderance of male over female cases, frequently emphasized, is not encour- 
tered in the present series which is, however, too small to justify any comment. 

In previous reports dealing with congenital aortic stenosis including bicuspid aortic valve stenos's 
the absence of symptoms or their extreme mildness when present, even in the face of severe obstruv- 
tion has been stressed and the conclusion has been drawn that negative symptomatology does nit 
bespeak trivial pathology (Marquis and Logan, 1955). This finding is common to the presert 
series but, in the light of the generally mild dynamic derangement, its interpretation may be differer :. 
The awareness of a murmur present since childhood, combined with the frequently imposed reductic 1 
of physical activity, suggests an iatrogenic origin of symptoms in some, at least, of the present case :. 
This is certainly true for the fatigue of patient R.T., not justified by altered cardiac dynamics. T! ¢ 
exertional dyspneea of patient B.O., on the other part, can be explained by her obesity. 
Concerning physical findings a problem arises immediately, namely the occurrence of an aort ¢ 
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systolic murmur in patients with a non-stenotic bicuspid aortic valve. In reviewing the previously 
reported cases only two were encountered in which no such murmur was audible. They are 
c: ses three and four of the series of uncomplicated bicuspid aortic valve reported by Lewis and 
Grant (1923) the latter of which had a systolic murmur at the apex. The possibility that 
1r irmurs were overlooked in these two cases has to be entertained because the paper was mainly 
thological, with clinical data obtained from the records, and also because of the irregularity 
: d thickness and (in one of the two cases) calcification of the free margins of the aorticcusps. The 
ly case of the present series with normal dynamics and a non-stenotic bicuspid aortic valve 
sented a systolic thrill and a grade 3 rough systolic murmur at the aortic area. From these 
>mises one would be inclined to conclude that a bicuspid aortic valve is the natural site of origin 
the systolic murmur and thrill. The dynamic equivalent of the murmur would be the turbulence 
‘aerated within the stream of blood during its passage through a linear or elliptical, instead of 
cular, orifice. The presence of a murmur in all cases of congenital bicuspid aortic valve would 
2atly facilitate the recognition of such a malformation. This thesis, unfortunately, remains to be 
oven at the present time, though it is hoped that the accumulation of more clinical, surgical, and 
thological material will confirm its validity. Congenital bicuspid aortic valves appear to be quite 
‘mpetent, if not affected by subacute bacterial endocarditis or associated with coarctation of the 
rta, as demonstrated by the presence of a murmur of aortic regurgitation with no peripheral 
i ms of this in only one of the present cases. 

The normal and, in one instance, increased intensity of the second aortic sound in the present 
scries, is in agreement with the general consensus of recent reports on congenital aortic stenosis 
(i:iloh, 1950; Lewis, 1951; Reinhold ef a/., 1955). Splitting or apparent accentuation of the first 
heart sound at the apex has been already observed by others and attributed to rapid succession or 
super-imposition of an early aortic systolic ejection sound on the sound produced by the mitral 
valve closure (Marquis and Logan, 1955; Reinhold et al., 1955) (Fig. 4). 

It has been stated by many (Marquis and Logan, 1955; Kiloh, 1950; Campbell and Kauntze, 
1955) that the degree of obstruction in congenital aortic stenosis may be considerable without any 
enlargement of the heart. It was concluded that radiology is of limited value in assessing and 
grading the severity of this lesion. In the present series the heart size was normal in the 
two patients with either a negligible or no aortic systolic ejection gradient (R.T. and J.C.) while 
progressive increases in heart size were associated with obstructions of greater dynamic significance. 

Electrocardiography is commonly recognized as an important diagnostic aid in the evaluation 
of an aortic systolic murmur. Its value is confirmed in the present study. A normal electrocardio- 
gram was recorded in the patient with an uncomplicated bicuspid aortic valve, while left axis devia- 
tion was present in patient J.C. with a small aortic ejection gradient. The pattern of left ventricular 
hypertrophy was unvariably found in the cases with a moderate aortic ejection gradient. 

In the light of the present limited experience the uncomplicated bicuspid aortic valve does not 
seem to produce hemodynamic changes. However, in the presence of associated aortic stenosis 
slight or moderate systolic ejection gradients across the aortic valve were found in this series. The 
steepness of this gradient appears to be conditioned by the extent of the commissural fusion and the 
degree of stiffness and thickening of the valve leaflets. The end diastolic pressure in the left ventricle 
was not elevated. The cardiac output and aortic valve flow were normal in all and aortic valve 
areas were only moderately reduced. 

Such findings are in agreement with the experimental work of Wiggers (1947) showing that the 
aortic orifice has to be reduced to one-fourth of its original size before the dynamics become altered 
across the aortic valve. In a clinical series of patients with advanced rheumatic aortic stenosis and 
with symptoms the average aortic valve area was reduced to about 0-5 cm.? (Goldberg et al., 1958). 

It is of interest to note that in patient J.C. a repeat left heart catheterization performed two years 
after an initial study, showed an appreciable increase in the aortic ejection gradient. The increase 
of stroke volume, known to occur with growth, cannot be held reponsible for the increased gradient 
in this case, owing to her adult age. In the absence of changes in the basal condition during either 
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Fic. 4 (A and B) Splitting of the first sound on the phonocardiogram recorded from the mitral area. 
The second component of the first sound is synchronous with the beginning of the anacrotic phase 
of the pulmonary artery pulse, while preceding that of the brachial artery pulse by approximately 
0-04 sec. Allowing for the delay of conduction of the pressure wave from the heart to the 
manometer, the added sound appears to be a systolic click related to the opening of the aortic 
valve. (C) In the tracing from the aortic area the systolic murmur is loud while the splitting is 
not apparent. 

Speed of the paper 75 mm./sec.; time interval 0-04 sec.; sensitivity 10 mm./mv. PA= 
Pulmonary artery; BA=Brachial artery. 


of the two physiological studies a further narrowing of the aortic orifice has to be postulated. This 
is in agreement with previous statements (Peacock, 1865; Smith and Matthews, 1955; Marquis 
and Logan, 1955). Finally the pulmonary circuit in this series, as expected, did not show any 
abnormalities. 

The finding of commissural fusion in the majority of the present cases seems to indicate that con- 
genital bicuspid aortic valves are very frequently associated with congenital or acquired stenos's. 
Either alternative cannot be discarded at the present time although several authors (Peacock, 1865; 
Smith and Matthews, 1955; Marquis and Logan, 1955) favour the hypothesis of an acquired ni: r- 
rowing. Even the adults of this series showed no calcification of the aortic cusps, which we ‘e 
relatively normal in appearance, the commissural fusion being produced by smooth, regular fibre 1s 
tissue. These findings suggest that valvular degeneration and calcification may represent |: i 
events in the devolutionary process of this congenital malformation. 

The correlation between electrocardiographic, radiological, physiological, and surgical findi: 3s 
was impressive in the present series. Patient R.T., for instance, with the evidence of an 11- 
complicated bicuspid aortic valve showed normal radiograms and electrocardiogram and abser -e 
of an aortic ejection pressure gradient. The remaining five patients with progressive degrees of 
commissural fusion showed a progressive deterioration of these parameters. On these bases, 1 1¢ 


Oo 





chia 
ran 
sha 
cor 
inc 


Th 


gen 


Abt 
Bett 
Bid: 
Bou 
Bou 
Car 
Cot 


Der 
Gol 


Gol 
Gii 
Hec 
Kei 


Kik 
Kol 


Kos 
Lev 
Lev 


This 
irquis 
y any 


tcon- 
nos's. 
1865; 
in [- 
were 
bre 1s 
t lie 


dir 3s 
n 11 
ser 2e 
ses of 
s, 11€ 











CONGENITAL BICUSPID AORTIC VALVE 329 


findings at the operating table in the last cases were anticipated. Asa matter of fact, patient R.T. 
hd not been considered for operation and only upon pressing insistence on the part of his parents 
w.is the aortic valve explored. 

Congenital bicuspid aortic valve stenosis appears to play a more important role in the group of 
ccngenital aortic stenosis than has been so far recognized. It is noted that in Campbell’s series of 
ccngenital aortic stenosis one of the two available autopsies revealed the existence of a bicuspid 
a‘ rtic valve; of two additional necropsies, one was thought to present the same lesion. In the paper 
b Marquis and Logan two of the three available autopsies (6 and 11 years old) showed a bicuspid 
ac rtic valve stenosis. Finally in the series by Sagarminaga et al. (to be published) 39 per cent of 
th> cases of congenital aortic stenosis involved a bicuspid aortic valve. 


SUMMARY AND CONCLUSION 


Six proven cases of congenital bicuspid aortic valve are presented and the clinical and hemo- 
d namic features of this malformation are reviewed. It is concluded that an isolated bicuspid 
a rtic valve represents a benign entity if its function is not compromised by commissural fusion or 
p thological changes which limit valvular patency or mobility. A bicuspid valve does not open 
ic ally; yet this does not seem to produce elevation of the systolic ejection pressure in the left ventricle, 
d velopment of a systolic ejection pressure gradient across the aortic valve, or increase in left ventricu- 
ler work. It is believed, however, to be responsible for the creation of sufficient turbulence in the 
a‘cending aorta to give rise to a rough systolic murmur and dilatation of this vessel as shown by 
X-ray. The second aortic sound is of normal intensity as a general rule. Left ventricular hyper- 
trophy does not appear on radiological or electrocardiographic examination. 

In contrast to this picture the addition of commissural fusion and intrinsic pathological 
changes within the leaflets leads to many clinical and hemodynamic alterations. A wide 
range of intermediate stages is possible between an isolated congenital bicuspid and a funnel 
shaped, monocuspid aortic valve. As the bicuspid aortic valve becomes narrowed by changes of 
congenital or acquired nature a systolic ejection pressure gradient across the valve appears and the 
increased left ventricular work is reflected by the development of left ventricular hypertrophy on 
X-ray and electrocardiogram. The second aortic sound, in the absence of calcification, is normal. 
These objective changes precede the onset of symptoms. 

Stenosis of a congenital bicuspid aortic valve represents a greater portion of the group of con- 
genital aortic stenosis than is commonly recognized. 
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The first account of mongolism (Down, 1866) made no reference to cardiac malformations as a 
fec ure of the disease, though mentioning that “‘the circulation is feeble.”” Ten years later, Fraser 
(1£ 76) published the first necropsy report of a case of mongolism, noting a small heart with fene- 
str ited aortic valves in a 40-year-old woman. At that time, Mitchell (1876), in his notes on the 
ph sical and mental condition of so-called ““Kalmuc idiots” whom he had seen, did not mention 
ca diac defects. Nor did Ireland (1877), though several pages of his book are devoted to a descrip- 
tica of mongolism. 

In fact, 28 years were to pass after Down’s original description before an association between 
coigenital cardiac anomalies and mongolism was suggested. The credit for this belongs to Garrod 
(1894) who, in a series of cases of cardiac combined with other malformations, included an 18-month- 
old child with mongolism. Two years later, Smith (1896), in recommending thyroid treatment in 
mongolism, advised a cautious dose “‘as the heart is undersized and weak in these patients.”” Garrod’s 
continued interest in the association was demonstrated at two 1898 meetings of the Clinical Society 
of London. At one, he (Garrod, 1898) showed a single case, and at the second, described 5 others 
(Garrod, 1899), and expressed the belief that a special connection existed between congenital heart 
disease and mongolism. At the latter meeting, Gossage (1898) drew attention to an additional case 
and Guthrie (1898) mentioned two more in whom he had found septal defects at necropsy. Thomson 
also (1898), in a paper read before the Edinburgh Medico-Chirurgical Society, observed that he had 
found congenital heart disease in three cases of mongolism. 

Sutherland (1899) reported that 5 of his 25 cases of mongolism had clinical evidence of congenital 
heart defects (in two confirmed at necropsy, one having a ventricular septal defect and the other a 
patent ductus), and Still (1899) observed that he had known congenital heart disease to be the cause 
of early death in mongolism. Neumann (1899), whom Cassel (1917) described as the first German 
author on mongolism, mentioned that 2 of his 13 cases of mongolism had congenital heart lesions. 
Neumann, whose interest in mongolism followed a visit to the Royal Albert Asylum in England, 
appears to be the only observer outside Britain to have noted the association of congenital cardiac 
lesions with mongolism before the present century. By then, this was established well enough for 
Sutherland (1900) to be able to list the frequency of congenital heart disease in mongolism as one of 
the features differentiating it from cretinism. 

Thereafter, the association was frequently noted and discussed. A considerable diversity of 
findings and opinions has been expressed both as to the incidence and the nature of congenital 
cardiac malformations in mongolism. We therefore thought it worthwhile to review published 
data, and to study a comparatively large number of cases of mongolism, comparing the findings 
with those in an adequate group of controls. 


SOURCE AND NATURE OF PRESENT SERIES 


The records and, where possible, the hearts of all cases of mongolism that came to necropsy at 
various periods at five different hospitals were examined. In order to collect as representative a 
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sample as possible, two obstetric, one mental deficiency, and two pediatric hospitals were chose 1, 
These were Queen Charlotte’s Maternity Hospital (Q.C.H.), the obstetrics department of Hamm :- 
smith Hospital (H.H.), the Fountain Hospital (F.H.), Queen Elizabeth Hospital for Childr n 
(Q.E.H.), all of London, and Birmingham Children’s Hospital (B.C.H.). We thus gathered data « n 
141 necropsy cases, the largest series of its kind studied, covering the whole age range of childhoc i. 
An obvious gap is the almost total absence of adult patients, adequate data about whom we we 
unable to obtain. With the increasing number of mongols surviving into adult life, we hope th it 
this may be remedied in the future. 

The records of all other cases with congenital heart defects, who came to necropsy at 4 of the 5 
hospitals over the same periods, were used as controls: in the case of the fifth, B.C.H., every thi.d 
instance of congenital heart defects in “‘non-mongols”’ was thus selected. In this way, the appro- 
priate time period was covered for B.C.H. also, and a total of 300 controls obtained. 

The source and distribution of our 141 cases of mongolism, 79 of whom had congenital heart 
defects, and 300 controls are shown in Table I. The data derived from Q.C.H. and H.H. are cor- 
bined in this table as most of the necropsies from these two sources were performed by the same 
pathologist. The 8 cases of mongolism from these two hospitals that came to necropsy from 1952 
to 1957 were among 43 born there in the same period, during which a total of 31,256 babies weve 
delivered. The 43 cases at F.H. that came to necropsy from 1950 to 1958 were among 165 cases of 
mongolism admitted in this time. Equivalent figures from Q.E.H. and B.C.H. are not available: 
the pathology departments of these two hospitals derive their material both from their own hospitals 
and from obstetric units that they each serve. 


TABLE I 


SOURCE AND DISTRIBUTION OF 141 NECROPSIES OF MONGOLS, 79 HAVING CONGENITAL HEART DeFEcTsS (CHD), 
AND OF 300 OTHER CHILDREN WITH C.H.D. 




















Mongols Controls 

Period | —_———$— _ 

Hospital | covered | Age range | No. of No. with Percentage | No. of necropsy 

| mecropsy casest C.H.D.t | with C.H.D. | cases (all with 

| | C.H.D.f) 

Q.C.H.& H.H. | 1952—57 |SB*-3mo.| 8 (3M: 5F) | 4 (3M: 1F) | 50 | 55 (32 M: 23 F) 

Q.E.H. .- | 1947—58 | SB—7 yr. 30(19M:11F) , 17 (8M: 9F) | 57 | 141 (79 M: 62 F) 

B.C.H .. | 1938—56 |SB—10yr.| 60 (31 M : 29 F) 43 (21 M: 22 F) | 72 99 (60 M: 39 F) 

F.H. . | 1950—58 | }—27 yr. 43 (23 M: 20 F) | 15 (6M: 9F) | 35 5 3M: 2F) 
TOTALS be af 141 (76 M: 65 F) | 79 (38 M: 41 F) | 56 300 (174 M: 126 F) 





| 





C.H.D.=Congenital heart defects. Criteria for inclusion enumerated in text. 
* SB=Stillborn. +=sex in brackets. 


Under the heading of congenital heart defects are included all cases showing abnormalities of thie 
septa, valves, or great vessels, and congenital hypertrophy of the heart. Patency of the foramen 
ovale was only included if there was no valvular action that precluded a left-to-right shunt. Anato- 
mical patency of the foramen ovale to a probe only was not regarded as pathological; nor ws 
patency of the ductus arteriosus before three months of age. 


I. INCIDENCE OF CONGENITAL CARDIAC ANOMALIES IN MONGOLISM 


Many authors have published figures on the frequency with which congenital cardiac defects a e 
found in mongolism. These figures vary widely, between 7 and 70 per cent of cases of mongolis n 
being reported to have congenital heart lesions (Table II), and there appear to be two main reaso 1s 
for this. 

(A) The Age Range of the Patients. In our series, excluding stillbirths, the absolute number >f 
deaths and the percentage of deaths at various periods in the first three years of life were great>r 
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CARDIAC MALFORMATIONS IN MONGOLS 


TABLE II 
REPORTED INCIDENCE OF CARDIAC MALFORMATIONS IN MONGOLISM 





| | | No. with | Percentage 














Authors | Country Diagnostic methods* | No. in | cardiac | with cardiac 
| series | anomalies anomalies 
Co nby (1906).. .. _..  .. | France 1c } 14 | 1 71 
M: nchanda & Guleria (1958) | India C (including X & EC) | 2 | 3 8-6 
vo: Hofe (1922) xe at .. | U.S.A. Presumably C | Tse 1 14 23 
@s er (1953) a | Denmark Auscultation 483 | 60 | 12-4 
Hi (1908) ae ue Et .. | Britain ? 188 | 24 | 12-8 
Fe nell (1903) .. - a .. | Britain Ee 23 3 13-0 
Ca sel (1917) .. we sc .. | Germany c 60 | 8 13-3 
Cc nby (1927) .. se ‘ .. | France B: | 93 | 13 14-0 
Dc <iades & Portius (1938) | Germany Presumably C & N | ia 17 14-0 
Th »mson (1947) - os .. | Britain iB: | 250 | 38 15-2 
Ne imann (1899) i ie .. | Germany | 2 }- 2 2 15-4 
W: tlie (1953) a - .. | Britain Be: 138 22 15-9 
Or 1(1927)_ si. ‘ ‘3 .. | Germany z 68 | 11 16:2 
Th irsfield (1921) “= a .. | Britain Le | 42 | 7 16-7 
Ke th, Rowe & Vlad (1958) .. | Canada | N | ie} 2 16-7 
Er zler (1949) .. - es .. | Britain Presumably C—adults | 100 | 19 | 19-0 
M. ir (1903) .. ie ee .. | Britain | C | 26 5 |; 192 
Su herland (1899) - = .. | Britain Cc a | 5 20-0 
Be dleman (1945) ee ee oo | omen. | Presumably C 42 9 21-4 
Ec :Ihaus (1932) as = .. | Italy Cc 23 | 5 21°77 
Keiser & Schmid (1952) ie .. | Germany LC | ee 4 55 22:5 
Miiller (1955) .. < $a .. | Germany | C—Leipzig series 91 ys 24-2 
Hutchison (1913) re se .. | Britain ? 18 | 5 27°8 
Kellner (1913) .. od i .. | Germany | Presumably C | 10 | 3 | 300 
Miller (1955) .. ae ea .. | Germany | C—Greifswald series | 84 26 | 31:0 
Spiihler (1929) ot ae .. | Switzerland C&N 26 10 38-5 
Esen (1957) .. ig - os | Dam | N 31 12 38-7 
Granata, Bencini & Parenzan (1952).. | Italy | C (including X & E C) 56 | 24 42:9 
Evans (1950) .. et ve .. | Britain iN 63 28 44-4 
Strauss (1953) a os -> | Cae. |N 12 6 50-0 
Engler (1949) .. = .. | Britain | C—infants | 20 | 14 70:0 
Hambach (1956) - | Czechoslo- | N | 24 17 70°8 
vakia 
18-9 


TOTALS * es | 2586 490 





*C=Clinical; N=Necropsy 
X=X-rays; E C=Electrocardiograms 


among those with congenital heart defects than among those without such defects (Table III). In 
both these respects, the reverse was true among those dying from the fourth to the tenth year. The 
incidence of congenital cardiac anomalies in this series, in relation to duration of life, is also shown 
in Table III. This indicates that 66 to 72 per cent of cases of mongolism dying at various periods in 
the first three years of life had congenital heart lesions, compared with 19 per cent of those dying 
from the fourth to the tenth year. 

Textbooks contain statements supporting this evidence of a higher mortality in the earlier years 
of life in cases of mongolism with, as opposed to those without, congenital heart anomalies (Benda, 
1947; Sheldon, 1955; Ellis, 1956), and it is further borne out by reports on actual series (Thomson, 
1947; Oster, 1953). In Esen’s (1957) necropsy series of 31 cases of mongolism, 9 of 12 (759%) with 
congenital heart malformations died within the first two years of life, but only 3 of 19 (169%) without 
such anomalies died within the same period. In Evans’s (1950) series of 63 necropsies, this prepon- 
¢erance is only present in cases dying between the 2nd and Sth month: 16 of 28 (57%) with congenital 
cardiac lesions died in this period as opposed to 7 of 35 (20%) without such lesions; but there was 
no proportionate difference in the death rate of his two groups during the first month and during 
the 6th to 11th months, while during the second year of life only 1 case of 8 that died had congenital 
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TABLE III 
AGE AT DEATH OF 141 CASES OF MONGOLISM WITH AND WITHOUT CONGENITAL HEART DEFECTS 




















Periods taken separately Periods taken cumulatively 
Deaths during With .. Without Deaths during | Total No. with Percentag: bs 
| C.H.D.* C.H.D.*+ (excluding stillbirths) No. C.H.D. with C.H.I 
Stillborn .. =... | 2 (25) 2 (3-2) | y: 
ist 24 hours wri 6 (7°6) 3 (4-8) Ist day 9 | 6 67 
2nd—7th day... 7 (8-9) | 2 (3:2) Ist week (inclusive) | 18 13 | 72 
8th—3lst day .. 6 (7°6) 4 (6:5) lst month _,, 28 19 68 
2nd—11th month 35 (44:3) | 16 (25-8) lst year me | 79 54 68 
2nd year .. ~o | S604) 6 (9:7) Ist two years ,, 93 62 67 
3rd year .. aa 8 (10-1) 5 (8-1) lst three years (inclusive) 106 70 66 
4th—10th year .. 5 (6-3) 22 (35-5) 4th—10th year 27 5 19 
15th—27th year 2 @5) | 2 G2) | 
Torats ..| 79 (100) | 62 (100) | 7 








* Percentage of total with C.H.D. (79) in brackets. + Percentage of total without C.H.D. (62) in brackets. 


cardiac defects. This variability will be considered later. Here we wish to observe that the per- 
centage incidence of congenital cardiac anomalies in mongolism is partly dependent on the age range 
of the patients under consideration, the evidence indicating that in general an undue proportion of 
those with such anomalies die early. 

(B) The methods and criteria on which diagnoses of congenital cardiac anomalies are based. Of the 
17 mongols at Queen Elizabeth Hospital and the 15 at Fountain Hospital in whom congenital 
cardiac defects were found at necropsy (Table I), 13 (76%) and 10 (67°) respectively were diagnosed 
as having such defects in life during routine clinical examinations without the aid of special investi- 
gations. Similar data are not available for the rest of our series, but published reports (Fennell, 
1903; Comby, 1906; Turpin and Gorin, 1941), as well as our material, show that cardiac malfor- 
mations in mongols may be found at necropsy without being suspected during life? Further, the 
use of diagnostic aids, like angiocardiography and cardiac catheterization, is likely to yield more 
accurate figures than clinical examination alone, and will thus also affect the incidence of cardiac 
defects noted in mongolism. 

Since only a minority of mongols with congenital cardiac lesions display frank cyanosis, clubbing, 
cardiac failure, or other relatively obvious features of heart disease, clinical diagnosis largely depends 
on examination of the heart itself. This makes for diagnostic variations dependent not only on the 
skill and experience of the examiner but also on the criteria accepted for what constitutes an abnor- 
mal heart. Even in necropsy series criteria vary, some for instance excluding patent foramen ovale 
or patent ductus below a certain age, others differing in the degree of patency accepted as abnormuil. 

Clearly, therefore, if figures quoted for the incidence of congenital cardiac defects in mongoli-m 
are to be significant, both the age range of the patients and the diagnostic techniques and crite: ia 
used must be stated. These factors no doubt account for much of the percentage variations quot :d 
in Table II and many authors give no information on these points. Consideration of the remain: \g 
series indicates that differences may occur even when the age range and diagnostic methods « - 
similar. In some instances this may be due to the smallness of the series. Thus, Evans (19: ) 
found 1 instance of cardiac malformations among 8 cases of mongolism (12-5°%) dying in the seco 
year of life, while in our series, there were 8 such instances among 14 cases (579%) dying in the sa 
age range. Table IV illustrates the point further. 
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II. NATURE AND VARIETY OF CONGENITAL CARDIAC MALFORMATIONS IN MONGOLISM 


Review of Published Data. The earliest reports on cardiac anomalies in mongolism were bas d 
chiefly on clinical observation, and the precise nature of the anomalies was seldom specifi: 1. 
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TABLE IV 


INCIDENCE OF CONGENITAL HEART DEFECTS IN MONGOLS DyING IN THE First MONTH OF LIFE 














Series* | No. of No. with Percentage 
deaths | C.H.D. with C.H.D. 
Present ae ool 28 19 68 
Evans (1950) ne 9 4 44 
Keith et al. (1958) 12 2 17 


The probability that the differences in incidence of congenital heart defects in these series is due to chance is less 
tt n 1 in 100 by the x2 test. 





»dern knowledge of congenital heart disease owes much to Maude Abbott, and one of her many 
blications dealt with the heart of a case of mongolism aged 10 months (Abbott, 1924): it showed 
rsistent ostium primum, and she commented that in her experience the cardiac defect in mongolism 
s not infrequently of this type. Abbott’s observation was the first of many in which either persis- 
te 1t ostium primum or the related anomaly, persistent ostium atrio-ventriculare (A-V) commune, 
wre reported in cases of mongolism. She herself returned to this subject (Abbott, 1936) in the 
fc ilowing terms. 

**Combined partial defect of the lower part of the interauricular (persistent ostium primum) and 
u.per part of the interventricular septa, constituting the so-called persistent ostium atrio-ventriculare 
commune, forms a well-recognized group of anomalies, in which a more or less free communication 
exists between all the four chambers of the heart, which functions, where the septal defect is large, as 
a biloculate organ. Cleavage of the anterior mitral and deformity of the tricuspid segments is a 
constant feature of persistent ostium primum, and, when the interventricular septum is also largely 
defective, a complete separation of each of these cusps into two halves occurs, the contiguous parts 
of which are continuous, each with the other, over the free septal border. The condition is explained 
as a failure of upward growth of the ventricular septum, combined with an arrest of fusion of the 
auriculo-ventricular endocardial cushions with the free lower border of the septum primum. A 
feature of extraordinary interest is the frequent combination of mongolian idiocy with this form of 
defect and with persistent ostium primum per se. This combination calls for explanation.” 

To illustrate the condition, she cited three further instances of persistent ostium A-V commune 
in mongolism. Case reports exemplifying this association were also contributed by Schleussing 
(1925, Case 5), Gunn and Dieckmann (1927), Robson (1931), Meeker (1935), Goetsch (1938), 
Robinson (1941), and Hambach (1953). The incidence of persistent ostium primum and persistent 
ostium A-V commune in reported series of cases of mongolism will be referred to below. 

Keith (1909), among the first to describe persistent ostium A-V commune, did not mention 
whether any of the 14 cases he had seen had mongolism. Nor did Sikl (1951) refer to the incidence 
of mongolism in the 35 instances of persistent ostium A-V commune found amongst 228 children 
with congenital cardiac defects who came to necropsy in Czechoslovakia. Since persistent ostium 
A-V commune is one of the more severe of cardiac malformations, it is likely that those so affected 
would tend to die in childhood, and Keith (1909) mentioned that he had not seen the lesion in an 
adult. 

Though relatively common in mongolism, persistent ostium A-V commune and persistent ostium 
primum are by no means restricted to mongolism and many instances in subjects without mongolism 
have been recorded. Among these are case reports by Schleussing (1925, Case 6), Morgan and 
Sprenkel (1936, a mentally defective woman who survived till 60 years) and Lightner (1939), who 
observed that, of some 30 instances of persistent ostium A-V commune reported, about half 
had occurred inmongols. The view expressed by Potter (1952) is therefore somewhat startling: 
she wrote that this defect “‘is limited almost entirely to mongolian idiots and has been called the 
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Mongol defect. I have never observed the defect in an otherwise normal infant. In recer ly 
reviewing over 10,000 autopsy reports on infants less than one year of age, I found it exclusiv ly 
limited to infants with mongolian idiocy and it was present in almost all the infants with mongolisr .” 

In general, published reports agree that there is a very wide scatter of cardiac lesions in mong )l- 
ism, even if allowance is made for lack of precision and uniformity in the terminology employ d. 
In a study of mongolism in Zurich, Spiihler (1929) noted cardiac anomalies at necropsy in 6 case: — 
ventricular septal defect (4), cor biatrium univentricularis with patency of the ductus and foran :n 
ovale (1), and essential hypertrophy of the heart (1). Maladie de Roger was also noted w ‘th 
comparative frequency in earlier French reports. A single case, diagnosed clinically, was report :d 
by Armand-Delille (1908), and Comby (1927), without stating how the diagnoses were made, fou id 
it to be the commonest lesion in 13 cases with congenital heart disease among 93 mongols. Simi. ir 
views were expressed by Silvy (1934), who reviewed 51 reported cases of mongolism with congeni al 
heart defects, adding 4 of her own; in the total of 55 cases, 34 were stated to have had isolat-d 
maladie de Roger. This view of the frequency of the maladie de Roger was, however, often express +d 
about series of all types at that time when clinical diagnosis of congenital heart disease was much 
less accurate than it is now. 

In Leech’s (1935) series of 75 necropsies on children with congenital heart lesions at John Hopkins 
Hospital, 5 had mongolism, ventricular septal defect being the sole lesion in 2, patent ventricular and 
atrial septa in 1, persistent ostium A-V commune in 1| (not described by this name—Case 69), and 
aortic stenosis with patent foramen ovale and ductus arteriosus in | case. Single cases with patency 
of the ventricular and atrial septa were also recorded from Germany by Cassel (1917) and from 
Buenos Aires by Albores and Caprile (1944). 

Ingalls’s (1947) necropsy series of 32 cases of mongolism from the Boston Children’s Hospital 
included 14 with ventricular septal defects and 8 with persistent ostium primum: valvular insuffi- 
ciency was frequent and a persistent left superior vena cava and unspecified septal defect were present 
in 1 case. Turpin and Gorin (1941) described an unusual malformation in a girl of 16 months with 
mongolism who, in addition to persistent ostium primum, had a mitral orifice divided transversely 
by a fibrous band that gave attachment to somewhat deformed valves. ’ 

In a series from Chicago of 105 necropsies on children with congenital heart disease, 7 had 
mongolism (Gibson and Clifton, 1938): of these, 2 had persistent ostium primum, one with a ven- 
tricular septal defect as well; 1 had a ventricular septal defect alone; 2 had patent ductus arteriosus; 
and 2, Fallot’s tetralogy. Single cases of mongolism with Fallot’s tetralogy were also reported by 
Wolf and Levinsohn (1939), Bor and Padovcova-Ledererova (1951), Ghosh and Biswas (1955), 
and by Castleman and Kibbec (1957): an atypical feature of the last was the presence of a persistent 
common A-V canal instead of the common variety of ventricular septal defect. 

Bor and Padovcova-Ledererova’s material also included a mongol with persistent truncus com- 
munis and two with transposition of the great vessels. Transposition of the great vessels in a case 
of mongolism had earlier been reported by Doxiades and Portius (1938) and by Mannheimer (194°). 
Evans (1950) found no examples of transposition of the great vessels, truncus arteriosus, or coars- 
tation of the aorta among 28 children with mongolism who died in the first five years of life wih 
congenital heart defects. In contrast with this, Hambach (1956) was struck by the frequency >f 
transposition of the great vessels in his material, finding this malformation 6 times, and coarctati: n 
of the aorta once, in his series of 17 necropsies on children aged up to 18 months with mongolis.n 
and congenital heart disease: persistent ostium A-V commune was present in 5 of his cases a: d 
others had various septal defects. 

A high incidence of persistent ostium A-V commune has often been noted in recent series >f 
cases of mongolism. In Evans’s (1950) necropsy series, it occurred in 4, and pulmonary stenosis 
another 4: ventricular and atrial septal defects each accounted for one-third of the individual lesio 
and patent ductus for one-sixth. From Milan, Granata et al. (1952) reported on 56 mongols, 24 
whom had congenital heart defects: no less than 14 were stated to have persistent ostium A 
commune, 5 others had atrial septal defects, 2 had Eisenmenger’s complex, and 1 each had Lute 
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bscher’s syndrome, patent ductus, and aortic stenosis. Twelve necropsy records of patients with 
mngolism at the Mount Sinai Hospital were found by Strauss (1953): of the 6 with congenital heart 
de fects, all of whom died by the age of 7 months, 4 had persistent ostium A-V commune, 1 had 
E:senmenger’s complex, and 1 atresia of the pulmonary valve with ventricular septal defect and 
de xtroposed aorta. 

Comparable findings were those of Rowe and Uchida (1956, quoted by Keith et al. 1958). 
T! e lesions in their 31 cases were: persistent ostium A-V commune (11 cases), ventricular septal 
de ect (11), atrial septal defect (3), patent ductus (3), atrial and ventricular septal defects (1), pul- 
m nary stenosis (1), and isolated aberrant right subclavian artery (1 case). In the 12 necropsy 
re orts of cases of mongolism with congenital heart lesions presented by Esen (1957) persistent 
os ium A-V commune occurred 7 times: 2 others had ventricular septal defects, 2 atrial septal 
de ects, and 1 Eisenmenger’s complex. 

Kaiser and Schmid (1952) studied 245 persons with mongolism, of whom 55 had clinically diag- 
nc sed congenital heart disease, including 25 with necropsy reports. They considered the combi- 
na ion of lesions in 14 of these 25 as indicative of a ‘““mongol cardiac syndrome” which could be 
pr sent in a mild or severe form. The mild form, present in 7 cases, consisted of a combination of 
at ial septal defect, ventricular septal defect and patent ductus. The severe form, also present in 
7 .ases, consisted of persistent ostium A-V commune which could be associated with patent ductus. 
Tl e remaining 11 cases of their series had various isolated lesions, including 2 cases with abnormal 
te: mination of a pulmonary vein and | with abnormal origin of a subclavian artery. They referred 
to pulmonary stenosis and transposition of the great vessels as amongst the rarer anomalies in 
mongolism. 

Miiller (1955), who also considered the question of specific cardiac lesions in mongolism, did not 
find this in his material. He reported the necropsy findings in 18 cases, nearly all under 6 months of 
age, and listed the cardiac lesions individually in each case: these do not include named examples of 
persistent ostium primum or persistent ostium A-V commune, although at least two, Cases 5 and 17, 
seem, from the description given, to be of this nature. Alone, or in combination with other lesions, 
ventricular septal defects were present in 7 others, patent foramen ovale in 8, patent ductus in 6, 
anomalies of the aortic valve in 3, and of the mitral valve in 2: pulmonary stenosis, dextroposition 
of the aorta, and transposition of the great vessels occurred once each. 


— 


oO 


a 


RESULTS IN PRESENT SERIES 


A detailed analysis of the cardiac anomalies found in our 79 cases of mongolism and 300 other 
children with such anomalies, in terms of age at death and sex, is given in the appendix (see p. 344) 
and is summarized in Table V. All the original diagnoses and descriptions of the hearts were made 
by, or under the supervision of, experienced pathologists, but criteria for classification and termin- 
ology varied inevitably between the hospitals and, to some extent, within the same hospital. Thus, 
some cases were given only a brief diagnosis, while others were described in detail. In general, such 
detailed descriptions were given to cases not fitting clearly into well-recognized syndromes or 
anomalies. On the other hand, “blanket” diagnostic terms, such as Fallot’s tetralogy or persistent 
ostium A-V commune, tended to conceal unmentioned, but possibly significant, differences between 
cases. Moreover, teminology employed by different pathologists reflected certain individual 
preferences. It was thus necessary to reconsider each case in order to unify nomenclature, where 
possible, for purposes of comparable classification. In doing this, we adopted the following rather 
arbitrary criteria. 

When combinations of anomalies had been described by ‘‘ blanket” diagnostic terms, such terms 
were retained. This applied particularly to persistent ostium A-V commune, Fallot’s tetralogy, 
Eisenmenger’s complex, and cor biloculare and triloculare. Where such terms had been used and 
additional anomalies also described, both the term and additional anomalies were listed in the appen- 
dix. Similarly, all the lesions were listed in the appendix in cases having various combinations of 
abnormalities, even if such combinations occurred only once. In Table V also, the “blanket”’ terms 
2A 
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TABLE V 
INCIDENCE OF VARIOUS MALFORMATIONS IN 79 MONGOLS AND 300 OTHER CHILDREN WITH C.H.D. 



































Present in associa- 
Present alone tion with other Total incidence 
| cardiac anomalies 

Malformations a 

Mongols | Controls Mongols | Controls | Mongols | Contro 

No.| %* |No| %*| No.| %* | No. | %* | No.) %* | No. | % 
Persistent ostium A-V commune 11 |13-9| 7/23] 5| 63| 12| 40] 16|203| 19| 63 
Persistent ostium primum 2| 2:5] 1/03] 20 2S} 21} FO) 22 278) 22) 7-3 
Fallot’s tetralogy .. “s 1 | 13) 15/50) 2) 25) 9] 30) 3) 3-8) 24] 8) 
Eisenmenger’s complex .. Bl Pee So [2 eee oe | ape | ro ae BSF 
Ventricular septal defect i 8 | 10-1 | 24 | 8-0| 34 | 43-0| 143 | 47-7| 42 | 53-2| 167 | 557 
Atrial septal defect (ostium secundum) 18 | 22-8 10 | 3-3| 18 | 22-8 | 53 | 17:7 | 36 | 45-6| 63 | 210 
Atrial septal defect (unspecified) 0; 0 | 4/13) 2) 23) 7) 23) 2] 23) I) 37 
Transposition of great vessels 0} 0 | 19|63; 0| O | 28] 9-3} 0| O 47 | 157 
Persistent truncus arteriosus ey ae Ser! 225) we) 7) 3-28] 53 
Left superior vena cava 0; O | 3{10;) 1| 1-3) 13] 43 } 1] 1-3) 16) 53 
Coarctation of aorta (infantile type) 0; 0 | 3/10); 0/] O | 15 | 5:0 | 0; 0 | 18| 60 
Coarctation of aorta (adult type) 0; 0 | 7 (23) 2) 23) TG | Ses 2 oe eS | 7-7 
Hypoplastic aorta 0/0 /]0; 0! 0] O | 15} 50] 0] O | 15] 50 
Anomalies of pulmonary vessels 0 | Oo | Sit) 1 13; 9 | 30! 1 | 1:3} 14] 4-7 
Anomalies of subclavian artery 0; 0 | 11/03] 0| Oo $ |} 27) 0| 0 | 9| 30 
Patent ductus arteriosus 0|;0 | 4 '4:5| 10 | 20-4} 19 | 21-6/ 10 | 20-4} 23 | 26-1 
Anomalies of mitral valve 0; O | 1 :|0-3| 19 | 24-1) 49 | 16:3} 19 | 24-1| 50 | 16-7 
Anomalies of tricuspid valve 0| 0 0 | 0 | 16 | 20-3) 35 | 11-7) 16 | 20:3 oS 1 40-9 
Anomalies of aortic valve , 2) 25/10/33) 0}; 0 | 30)100) 2 | 2-5} 40 | 13:3 
Anomalies of pulmonary valve . 0/0 | 6{20| 9-|11-4} 59 |19-7] 9]11-4} 65 | 21-7 
Fibro-elastosis : : Oo; @ | 4/13; 2) 25) 7| 23) 2| 25) 1) 3-7 
Idiopathic cardiac hypertrophy £) 231 3) EO) Ch 0 1 | 0-3 | 1 | es): 2) is 
Dextrocardia ‘ : 0; 0 | 1/03} 0) 0 | 6) 20); 0; 0 | 7| 23 
Cor biloculare —|— |-—|]-—|J-|-—!|-|]- ere » -8t- 39 
Cor triloculare biventricularis a fe | om | oe ;}— |— |— | ae cle | 03 
Cor triloculare biatrialis —|— | —|— | oe ee | bi). to Oh 3-7 

| 





* Percentages calculated in terms of number of cases in appropriate series (i.e. 79 mongols and 300 controls), except 
for patent ductus arteriosus where percentages are based on number of cases aged 3 months or more at time of death 
(i.e. 49 mongols and 88 controls). 


were retained but, in addition, the conditions they referred to were sub-divided into individual 
anomalies where this seemed appropriate. Thus, for example, ventricular septal defect present in 
association with other cardiac anomalies includes all cases of persistent ostium A-V commure, 
Fallot’s tetralogy, Eisenmenger’s complex, cor biloculare, and cor triloculare biatrialis. 

Atrial septal defects were listed by us only if they were functional as well as anatomical, permit- 
ting a left-to-right shunt: size of the patency and whether single, multiple, or fenestrated were too 
often omitted in the original descriptions to make them criteria for further subdivision. Ventricu!ar 
septal defects had sometimes been recorded as membranous and other times as muscular, but mest 
were unspecified: while it seemed that most of the unspecified ones were membranous, we thoug itt 
it inaccurate to attempt such subdivisions in our tables. 

Anomalies of the valves are individually listed in the appendix, but all anomalies of each va ve 
are totalled in Table V, where anomalies of the mitral valve, for example, include stenosis, regur :i- 
tation, hypoplasia, and atresia of that valve. Patency of the ductus arteriosus was only recorc :d 
by us if it was still present at three months of age or later. Since few heart weights were availat e, 
we have disregarded these entirely. It is realized that some significant facts may have been omit’ :d 
and that some of the listed ones are of doubtful importance. Since, however, the same criteria w. re 
used for the cases of mongolism and the controls, conclusions from comparisons of the two grot 9s 
seem justifiable. 
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DISCUSSION 

Our results show that the abnormal hearts of mongols display, in general, as wide a variety of 
m:lformations as those of subjects without mongolism, most cardiac defects being represented in 
be’h groups (See Appendix and Table V). It is evident that even such well-defined syndromes as 
pe sistent ostium A-V commune, Fallot’s tetralogy, and Eisenmenger’s complex are not necessarily 
str ctly homogeneous and may be associated with additional anomalies. Taking account of such 
ad itional anomalies, the percentage incidence of lesions or combinations of lesions that occurred 
or e or twice only in mongols and in controls is practically identical in the two groups: lesions or 
co ibinations of lesions occurred once only in 22 of the 79 cases of mongolism (28°) and 89 of the 
30. controls (30%); the figures for lesions or combinations of lesions that occurred twice only are 
6« ° 79 (8%) and 12 of 300 (4%) respectively. 

There is no reason to believe that, had our series of mongols and of controls been larger and 
eq al in size, all the unusual combinations of lesions would not have been encountered in both 
gr ups. Nevertheless, quantitative differences between the two groups seem real enough, though 
ca tion is necessary in interpreting some of these. For instance, the view of such a recognized 
au hority as Maude Abbott, who has associated persistent ostium A-V commune and persistent 
os um primum specifically with mongolism, has probably influenced other workers. Hence, 
cc ditions resembling persistent ostium A-V commune and persistent ostium primum would tend 
to oe described as such in mongols, and by some alternative designation (e.g. cor biloculare or cor 
tri oculare) in other cases. Though on guard against this, we were not always certain of the classi- 
fic ition and retained the original terms used by the pathologists in doubtful cases. It may well be, 
th-refore, that the relative preponderance of these two malformations in mongols and of cor bilo- 
cuare and cor triloculare biatrialis in others is partly due to this cause. Subject to these reserva- 
tions, our findings confirm the comparative frequency of persistent ostium A-V commune and 
persistent ostium primum in mongolism that has been noted by numbers of authors. We found a 
20 per cent total incidence of persistent ostium A-V commune in mongols as opposed to 6 per cent 
in the controls; the equivalent percentages for persistent ostium primum are 28 and 7 percent. The 
latter two figures include cases of persistent ostium A-V commune, but even if these are excluded 
there is a preponderance of persistent ostium primum in cases of mongolism of 7-5 as opposed to 
1 per cent in the controls. 

Our data show a total percentage incidence of Fallot’s tetralogy twice as high, and of Eisen- 
menger’s complex one and a half times as high, in the controls as in the mongols. Differences of 
this order should be interpreted with caution in view of differences in age at death between our 
samples of mongols and of controls. 

There was no substantial difference between the mongols and the controls in the percentage 
incidence of ventricular septal defects, either occurring alone or in combination with other cardiac 
anomalies. On the other hand, atrial septal defects of ostium secundum type were relatively less 
common in the controls. We think that most of the atrial septal defects of an unspecified nature 
were, in fact, defects of ostium secundum type. 

Like Evans (1950) in his series, we found no examples of transposition of the great vessels in our 
mongols. Although such examples have been reported, the association appears to be comparatively 
rare, Hambach’s (1956) experience of finding 6 instances of it in 17 necropsies being exceptional. 
We were also struck by the comparative infrequency of other vascular lesions in our cases of mongol- 
ism—coarctation of the aorta of infantile type, hypoplastic aorta, and subclavian artery anomalies 
were not recorded at all in this group, and persistent truncus arteriosus, left superior vena cava, 
coarctation of the aorta of adult type, and pulmonary vascular anomalies comparatively less 
frequently than in the controls. The absence of hypoplastic aorta in the mongols, as opposed to a 
5 per cent incidence in the controls, is surprising and difficult to explain, in view of the tendency in 
mongols for all arteries, including the aorta, to be small. However, the term hypoplastic has been 
generally used without measurement of diameter, and we suggest that quantitative study is required 
before conclusions are accepted. Patent ductus arteriosus, as an isolated lesion, was not noted in 
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the mongols, but there was little difference in its relative incidence in this group and the contrc 
when associated with other cardiac anomalies. 

Anomalies of the mitral and tricuspid valves were comparatively less frequently noted in t 
controls, and anomalies of the aortic and pulmonary valves more often. In the case of aortic val 
anomalies, the total percentage incidence was five times higher in the controls. However, t 
anomalies were of various kinds and it may not be justified to analyse them in terms of this sing 
heading. Fibro-elastosis was one and a half times as common in the controls. Idiopathic cardi 
hypertrophy had an equal percentage incidence. Dextrocardia, absent in the mongols, had a 2 r 
cent incidence in the controls. 

The range of cardiac anomalies in mongolism appears to be as wide as that in subjects witho t 
mongolism. In those few instances where a particular lesion was not noted in our series of |9 
mongols, we found reports of its occurrence by other workers. Qualitatively, therefore, a conce >t 
of a ‘mongol heart” appears to be unjustified, but quantitative differences do emerge in a comparis: n 
of the malformed hearts of those with and those without mongolism. This must be coupled wih 
the remarkably high general incidence of heart lesions in mongols, unparalleled in any other sing:e 
disease save, possibly, rubellar embryopathy. 

In any disease of unknown etiology, it is important not to overlook any clues presented by ; 
recurrent pattern of abnormalities. Mongolism abounds with such patterns, i.e. cranial and facial 
features, brain configuration, leucocyte picture, blood chemistry, level of intelligence, and so on. 
Cardiac malformations may possibly be more significant than some of the others since the stages of 
normal development of the heart are relatively better known, and it is therefore possible to time the 
onset of a disturbance leading to faulty cardiogenesis more accurately than with some other organs. 

In a 3-9 mm. human embryo, the A-V canal is already well-formed and partly filled by the two 
endocardial cushions, though these show no evidence of fusion (Mall, 1912). By the end of the 
fifth week of development (Keith, 1909), when the embryo is about 5 mm. long, the central parts of 
these cushions, lying directly over the interventricular septum, fuse, and the line of fusion then 
extends outwards in both directions to become complete in a 9-mm. embryo (about 40 days). 
Complete closure of the ostium primum and the interventricular septum is contingent upon the 
preceding closure of the A-V canal by the endocardial cushions, and is complete by the 47th day of 
development. It is thus evident that the cause of non-closure of the A-V canal must operate before 
the 40th day of gestation, while that responsible for the septal abnormalities may operate either within 
the same time-span or a little later—up to the 47th day. The same consideration applies to the 
division of the truncus arteriosus into the pulmonary artery and aorta, which is only complete in a 
20-mm. embryo. 

In view of the confusion sometimes present regarding the timing of etiological agents in relation 
to normal development, it is worth making the obvious point that the earliest time limit for the action 
of any teratological cause can never be infetred solely from the known landmarks of normal develop- 
ment. This is so because many causes may be followed by delayed rather than by immediate effect 
Thus, the occurrence of a patent ductus arteriosus, a structure normally closing only after birth, docs 
not indicate that the cause operated late in foetal development. The upper time limit for the ons 
of the many other anomalies occurring in the hearts of children with mongolism and other childré 
have not been worked out precisely, but there is no reason to believe that the cause responsible fi 
cardiac malformations in mongolism acts earlier than in other cases. The only conclusion justifi 
by the evidence is that the initial cause or causes responsible for heart defects in mongolism, and | 
inference for mongolism itself, operate predominantly before the 40th day and, in any case, not lat 
than the 50th day of gestation. 

The great and unresolved problem of whether the disease is incurred before or after conceptic 
is unaffected by these considerations. However, the recent demonstration of the anomalous numb 
of chromosomes—47 instead of the normal 46, in the bone-marrow cells of cases of mongolis 
(Ford et al., 1959; Jacobs et al., 1959) will provide, when confirmed, positive evidence of the p1 
conceptual operation of at least some of the factors involved in the causation of mongolism. 
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It would also be of great interest to compare the nature of cardiac malformations in mongolism 
w th those produced by maternal rubella, the only certain environmental cause acting in utero. 
D :tailed comparison is not yet possible as comparatively few records of rubellar cardiopathy have 
bi 2n published. Among the larger series are those of Gibson and Lewis (1952) and Stuckey (1956). 
G .bson and Lewis elicited, on questioning, a history of maternal rubella during pregnancy in 17 cases 
0: congenital heart disease: 14 had patent ductus, associated with ventricular septal defect in two 
ir tances and with pulmonary stenosis and coarctation of the aorta in one each; 1 had atrial septal 
d: ‘ect, 1 ventricular septal defect, and 1 Fallot’s tetralogy. Of the 27 cases of rubellar cardiopathy 
re orted by Stuckey, 13 had patent ductus; 4, a ventricular septal defect; 3, an atrial septal defect; 
2. Fallot’s tetralogy; and there was one example of each of the following, aortic stenosis, pulmonary 
st nosis, coarctation of the aorta, Eisenmenger’s complex, and transposition of the great vessels: 
tl : diagnosis was confirmed in 7 at operation, in 6 by angio-cardiography or cardiac catheterization, 
a! d in 7 at necropsy. 

Thus many different cardiac anomalies may result from maternal rubella, though patent ductus 
aj pears to be outstandingly common. Since final closure of the ductus could be prevented by 
ci uses Operating later than those responsible for most other congenital cardiac anomalies, Stuckey 
p: stulated that the high incidence of patent ductus in rubellar cardiopathy, compared with its 
ir idence among those with congenital cardiac defects in general, suggests a relative prevalence of 
gi netic causes in the latter in contrast with the environmental cause (the virus) in the former. In 
tle light of this suggestion, it is interesting that the total incidence of patent ductus in our cases of 
n ongolism with congenital heart defects (20°) was similar to that in the controls (26°). 


a 


OTHER CONGENITAL MALFORMATIONS IN MONGOLS 


Apart from congenital heart defects and the well-known physical characteristics classically 
associated with mongolism, a wide range of other congenital anomalies may occur. Those found at 
necropsy in our series of 141 cases of mongolism are shown in Table VI. Particularly striking is the 
relatively high incidence of duodenal stenosis and atresia, a feature to which Bodian et al. (1952) 
have previously called attention. 


SUMMARY 


A historical note is presented on the earliest observations of the association of congenital cardiac 
malformations with mongolism. By the end of the 19th century this association was well-recognized. 

Anything between 7 and 70 per cent of cases of mongolism are reported to have congenital heart 
lesions: most reports, however, gave between 12 and 44 with an average of 19 percent. This wide range 
of percentages is attributed to two main reasons: (A) the age range of the patients under consider- 
ation, and (B) the methods and criteria on which diagnosis of congenital cardiac anomalies are based. 
Each of these factors is considered, and a plea made that both should be stated when quoting 
figures for the incidence of cardiac malformations in mongolism. Considerable variation in this 
incidence still occurs when comparing different series matched for these two factors, but sometimes 
the series are too small to expect good agreement. 

The cardiac malformations reported in mongolism are reviewed, and those found in 79 of our 
own cases of mongols with congenital heart defects are compared with those in 300 controls drawn 
from the same sources. The variety of cardiac anomalies in the mongols was as wide as in the other 
children. Unusual combinations of lesions, noted once or twice only in either group, occurred with 
almost equal frequency in each group. On a qualitative basis, therefore, a concept of a “‘mongol 
heart’ appears unjustified. However, there are some quantitative differences: 

Persistent ostium primum, persistent ostium A-V commune, atrial septal defects of ostium 
secundum type, and anomalies of the mitral and tricuspid valves were more frequently noted in the 
cases of mongolism. 

Fallot’s tetralogy, Eisenmenger’s complex, persistent truncus arteriosus, left superior vena cava, 
coarctation of aorta of adult type, pulmonary vascular anomalies, anomalies of the aortic and 
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TABLE VI 
OTHER CONGENITAL MALFORMATIONS IN 79 MONGOLS WITH, AND 62 WITHOUT, CONGENITAL HEART DeFEcTs (C.H.L ) 





Non-cardiac malformations | Age at 








l 
With lw Without 
death* | C.H.D. | C.H.D. 

Cleft palate .. : es aa a eh a ss ..| lh4+y | = | 3 
Cleft palate; Hare-lip eee 1 = 
Cleft palate; Hare lip; Webbed toes; Rudimentary labia majora en co | oe | — | 1 
Duodenal stenosis ie -. | 8d-15m | 1 3 
Duodenal atresia : .. | 6d-5m 4 1 
Duodenal atresia; Stenosis and anomalous division of common bile duct. . Td — 1 
Stenosis of common bile duct es ag" Ge ee ‘ | 3m — 1 
Partial agenesis of pancreas SB 1 -—- 
Agenesis of kidney... oo | aay -- 1 
Agenesis of kidney and adrenal; Oesophageal : atresia; Imperforate: anus ~~ = 1 | — 
Hypoplastic kidney. . | 4d 1 — 
Hypoplastic kidney and bladder; Urethral valve; Inguinal h hernia. . .| 14m — | 1 
Hypoplastic adrenal; Dislocated hip.. ‘ | 6y | 1 — 
Meningoceele; Horseshoe kidney. ; 4m — | 1 
Hydrocephalus; Hydroccele vaginalis aA es | 5m | oo 1 
Absent corpus callosum; Absent radius and thumb = a n« |) ee 1 -— 
Syndactyly a hy .. | 2+-Ty 1 | 1 
Syndactyly; Polydactyly: Webbed elbows and knees at ep 1m — 1 
Webbed neck Sh | — 1 
Diaphragmatic hernia . ea ps ae = or ~~) 2m 1 — 
Excessive pulmonary lobation - xa a a aa 9s -« | em 1 — 
Malformed costal cartilages ie od ay ae ~ <. . e 1 | — 
Talipes equino-varus - | 15h-7y | 2 — 

TOTAL oe ee a mS .. |. SB-7y 17 17 





* SB=stillborn. h=hours. d=days. m=months. y=years. 


pulmonary valves, and fibro-elastosis were Jess frequently noted in the cases of mongolism. Lesions 
not found in the mongols but found in the controls included transposition of the great vessels, 
coarctation of aorta of infantile type, subclavian artery anomalies, and dextrocardia, but examples 
of such lesions in mongols had been recorded by other workers. 
Ventricular septal defect, patent ductus arteriosus, and idiopathic cardiac hypertrophy were 

noted about equally in the mongols and in controls. 

—-" non-cardiac malformations noted at necropsy in our 141 cases of mongolism are 
tabulated. 


It is a pleasure to thank Dr. A. H. Cameron of Birmingham Children’s Hospital and Dr. A. E. Claireaux of Queen 
Charlotte’s and of Hammersmith Hospitals for access to their post-mortem records, and Dr. R. E. B. Hudson of the 
National Heart Hospital, for his comments on some of the specimens and his useful advice. 

We are indebted also to clinicians and other members of the staff of the five hospitals surveyed for placing their 
records at our disposal and for their helpfulness, and to Dr. Maurice Campbell for making valuable suggestions abcit 
the arrangement of our paper. 
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A.B.C. LEADS IN ISCHAEMIC HEART DISEASE 


BY 
WILLIAM M. LANCASTER, THOMAS SEMPLE, AND JOHN C. C. KELLY 


From the Department of Cardiology, The Victoria Infirmary, Glasgow 
Received August 11, 1959 


[In 1953, Trethewie described a simplified method of electrocardiography that takes the form of 
a t iree-dimensional chest lead system. Further work (1958) led him to conclude that these new 
A.|».C. leads were superior to the conventional twelve-lead electrocardiogram in detecting and 
loc ilizing myocardial infarction. The present paper gives the results of an investigation of the 
me hod designed to evaluate his conclusions. It does not confirm his claims entirely. 

A.B.C. leads, in conjunction with standard twelve-lead cardiograms were performed in the wards 
an. out-patient department of the Victoria Infirmary, Glasgow for three months in 1958-59 on the 
fol.owing groups of patients: (1) with clinical myocardial infarction, (2) presenting with angina 
pectoris, (3) complaining of chest pain not considered cardiac in origin, and (4) a miscellaneous 
group suffering from hypertension, paroxysmal tachycardia, valvular disease, and breathlessness. 

Two other groups were studied separately: a group of normal young doctors and patients without 
constitutional disease, and a group found to have bundle-branch block in the standard leads. 

All standard and A.B.C. leads were read separately and by more than one of the contributors. 
Unlike Trethewie, we have stipulated Q wave changes for a diagnosis of infarction: T wave changes 
we have labelled ischemia. We have analysed our results, endeavouring to confirm or refute his 
claims, especially to answer the following questions. Do A.B.C. leads miss cardiac infarcts shown , 
by the standard leads? Do A.B.C. leads reveal any cardiac infarcts missed by the standard leads? 
Do they aid interpretation, particularly regarding the presence of ischemic heart disease, when the 
standard leads are equivocal, e.g. (a) when T is inverted in leads aVL or III, (6) when there is 
bundle-branch block, and (c) when there is left ventricular hypertrophy and strain. Can the A.B.C. 
leads replace the standard leads even as a screening test? 

On the Technique of A.B.C. Electrocardiography. The use of the standard twelve-lead cardiogram 
in conventional electrocardiography is almost universally accepted. It is important to remember 
that basically these leads record only electrical activity of the heart in one plane, i.e. the frontal 
plane, and that electrical forces are produced in other planes. Considered in this fashion, the 
heart may be regarded as a three-dimensional source of energy situated in a volume conductor (the 
body). The resolving of the forces as spatia! vectors in three planes at right angles to each other 
is the basis of vectorcardiography. The present paper evaluates a simple method of lead placement 
that likewise attempts to overcome the spatial limitations of the frontal plane leads, and gives a 
three-dimensional approach to electrocardiography. 

The lead placements are shown in Fig. 1. Standard limb lead II electrodes are chosen, the 
left-leg lead being used as the fixed or xiphisternum lead and the right-arm lead as the exploring 
electrode in the following positions: 


Frontal plane —(A) the posterior lead—manubrium sterni. 
Horizontal plane—(B) the anterior lead —position V6. 
Sagittal plane —(C) the septal lead —in line with angle of right 


scapula at same level as B. 
Trethewie (1953 and 1958) has explained in great detail the theoretical considerations of the 
method and the interested reader is referred to these publications. 
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Fic. 1.—Photographs showing the lead positions. 


RESULTS 


Clinical Myocardial Infarct Series. During the three months of the study, there were 115 patie its 
who presented with the clinical picture of myocardial infarction. Referring to Table I, it will be 
seen that the conventional twelve-lead cardiogram showed significant changes in 110 of these. 
Three patients had normal conventional leads and A.B.C. leads. Two patients had significant 
changes in A.B.C. leads only. 

Column 1 shows a completely accurate correlation between the conventional and A.B.C. leads 
in 66 patients or 60 per cent. (This excludes the three who had normal tracings throughout.) 
Including Column 4, where A.B.C. leads confirm but show grosser changes (Fig. 2), correlation is 
increased to 82 or 75 per cent. Including Column 5 where A.B.C. leads show different or lesser 
changes or ischemic disease, correlation is increased to 97 or 88 per cent. In the last column, 
agreement was rather tenuous, although both systems confirmed in each case the presence of 
ischemic heart disease. In antero-septal infarction (6 cases) A.B.C. leads showed only ischemic 
changes. With posterior infarction and ischemia (6 cases) A.B.C. leads missed these but showed 
some other abnormality (Fig. 3); while in the combined infarctions (2 cases), posterior changes 
were again missed (Fig. 4). 

Results in Non-Infarct Series. There were 183 patients in this group (Table II). In 94 of these, 
the conventional and A.B.C. tracings were normal. In 59, both methods showed abnormality with 
reasonable agreement. This total of 153 patients gives a correlation between the methods of 
84 percent. Of 13 patients (7°%) whose A.B.C. leads showed no abnormality, 10 showed posterior 
changes in the standard tracings. Of 17 patients (99%) whose A.B.C. leads alone were abnormal, 
only two showed pure posterior changes, the remainder showing antero-septal changes, left ven- 
tricular strain, or combined infarct patterns. 
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Fic. 2.—Acute antero-septal infarction in standard leads. A.B.C. leads show posterior 
infarction in addition. 
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A.B.C. LEADS 
TABLE I 


ANALYSIS OF “‘GLINICAL INFARCTION”’ SERIES 
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Standard leads | A.B.C. leads and| A.B.C. leads Only A.B.C. | A.B.C. changes | A.B.C. changes less 





























| standard leads | normal | leads | more extensive | extensive or suggest 
in complete abnormal | thanstandard | different site of 
| agreement | leads lesion 
Ani ‘rior Infarction 
/ ntero-septal | 
Fresh 17 1 —_ 6 4 
Old or healing | 4 — —- 3 2 
/ ntero-lateral 
Fresh _ 1 — 1 — 
Old or healing _ 1 — | 1 | — 
An: rior Ischemia 
/ ntero-septal 6 = z —- — 
/ntero-lateral or =| 
L.V. strain | 3 1 oa — 1 
Posterior Infarction | | 
Fresh | 11 1 — 4 3 
Old or healing 6 4 — 1 — 





Posterior Ischemia 


“Combined” Infarcts 


wa 

w 
| 
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Fresh 7 — — — 1 
Old or healing 5 1 — a= 1 
Wii lespread Ischemia 2 -- — | — — 
Normal 3 — —_— - -— 
Toran... ANS 69 | eo 2 | 16 15 





Normal Findings. Our healthy volunteers all produced A.B.C. tracings that we have learned to 
expect to be associated with physiological twelve-lead cardiograms. One disappointing feature of 
the A.B.C. method is that inverted T waves are common in lead B in such healthy people; they 
seem to have no more significance than the commonly inverted T in lead VI (Fig. 5). 

Bundle-Branch Block. During the three months of the investigation, we encountered 12 examples 
of bundle-branch block. All had clinical evidence of ischemic heart disease but were excluded from 
the infarct and the angina series. They included seven examples of left bundle-branch block, two 
of complete right bundle-branch block and two of partial right bundle-branch block. In addition, 
one patient, whose tracings are shown in Fig. 6 had left bundle-branch block related to a minute 
septal infarct (confirmed at autopsy) which later changed to right bundle-branch block before death. 

We found that A.B.C. leads are as helpful as conventional leads for showing bundle-branch block 
but no more helpful in clarifying the presence or absence of accompanying myocardial infarction. 


DISCUSSION 
Were the A.B.C. method shown to be as accurate as Trethewie claims in the diagnosis of myo- 
cardial infarction, it could be acclaimed a major advance in electrocardiography and one might even 
consider it replacing entirely the conventional twelve-lead method. The three leads are quickly 


TABLE II 


RESULT IN NON-INFARCT SERIES 
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Angina group 


Chest pain group 


Miscellaneous group 








A.B.C. and conventional leads, both 









































4 
normal — | 40 | 29 — 
A.B.C. and conventional leads, both | 
diagnostic 
(1) Ischemia or L.V. hypertrophy 
and strain | | 23 | 1 | — 
Former antero- | | | | Old posterior .. 2 
(2) Myocardial infarct septalinfarcts 2) 4/| = | 
Former posterior | | Antero-septal .. 4 
| infarcts 2 | | | 
Conventional leads alone diagnostic | 
Posterior ischemia 4 | | Both showing | | Posterior ischemia 1 
(1) Ischemia | Ant. ischemia (or |. 5 | i | 
| iv. oe... 3 | | | L.V. strain ro 
(2) Myocardial infarction | Former posterior 2 | | Nil | Posterior infarct 1 
| infarcts | | Antero-septal .. 1 
A.B.C. leads alone diagnostic | 
(1) Ischemia | Septal aul Antero-septal | Posterior ischemia 1 
| Posterior ro DS ae ae 1 | 3 | Septal ischemia... 1 
| Anterior (or L.V. | L.V. strain ae 
strain) .. — . | 
| Antero-posterior* 2 | | Old antero-posterior 
(2) Myocardial infarction 2 | Nil| infarcts in both 
| cases. 
TOTAL — | 81 


. 183 patients | 


_ — 





* In one of these, standard cardiograms showed an extensive ischemic picture. 


recorded and read; there is no doubt in our minds that they show a high degree of accuracy in 


portraying antero-septal infarctions. 


Left ventricular hypertrophy and strain are well demonstrated 


in lead B which shows in such cases a deep S wave and elevated S-T segment. Arrhythmias and 


bundle-branch block are satisfactorily represented. Abnormal P waves are well shown in lead A 
(inverted and biphasic P waves are common in leads B and C of normal subjects, rather like lead V/). 

















Fic. 3.—Old subendocardial posterior infarct with evidence of left ventricular stress. 
latter is confirmed in A.B.C. tracings. 
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: Fic. 4.—Acute posterior infarction with septal ischemia. A.B.C. leads 
ischemia only. 
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2 Fic. 5.—Normal A.B.C. tracings. Note biphasic T wave in lead B in (6). 
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Fic. 6.—(a) Left bundle-branch block. (5) Tracings of same patient four days after (a) with change to 
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Certain criticisms, however, became apparent during our investigations, some minor but oth °s 
more vital. Thus we found respiratory variations and somatic tremor common, especially in lk d 
C. R waves in all three leads tend to be small and it is difficult to be certain about the significa: 2e 
of an apparently absent R wave. Especially is this the case in lead B which tends to mimic le: is 
Vi and V2, in that inverted T is frequent and normal and some elevation of the S-T segm it 
common. Owing to predominance of S waves in all three leads, qR patterns, as distinct from 
patterns, are rarely seen in myocardial infarction. Lastly, and most important, lead A has failec o 
confirm about one-third of the posterior infarctions and ischemic cases shown by the conventio il 
twelve-lead cardiograms. Trethewie did not demonstrate in his series this “posterior blind spc ” 
and he did claim that the new method was superior, mainly in showing up septal infarcts. 

It is interesting to find that the overall agreement is about the same in the two infarct sei +s 
under consideration. Trethewie’s series of 168 (collected over 6 years) showed complete agreem: 1t 
in 127(79%). Our complete agreement rate was 75 per cent when we included these patients wh: .e 
A.B.C. leads were confirmatory but were even more pathological. Here the similarity of « ir 
findings ceases, for Trethewie found that in 24 (15%) the A.B.C. leads showed the presence of m) 0- 
cardial infarction when the conventional leads were not diagnostic, while we found this only applied 
in two patients, each of whom showed minimal septal ischemic lesions (Table I, column 3). We 
found that A.B.C. leads failed to detect changes in 13 (12°) patients who had abnormal conventional 
tracings, while the original series contains no such examples. 

It is difficult to analyse further this rather disturbing anomaly, because Trethewie (1958) includes 
only one example that illustrates the simultaneous comparison of a conventional twelve-lead electro- 
cardiogram and A.B.C. tracings. This example claims to show the presence of myo-cardial infarct 
only in the A.B.C. leads, but we would have no hesitation in Lact: a septal infarct from the 
conventional chest leads shown. 

Electrocardiograms are open to biased interpretation by a single protagonist of a new method 
and so one might expect our conclusions to be more reliable in view of our careful attention to the 
method of duplicate and separate interpretation of all tracings. 


a 


SUMMARY 


A.B.C. leads have confirmed the presence of ischemic heart disease in a high proportion of 
patients (88°%) with a diagnostic history and conventional twelve-lead electrocardiogram. The 
identical interpretation correlation was 60 per cent. 

From this preliminary investigation one cannot confirm Trethewie’s claim that “‘the A.B.C. 
display detects all cases of infarction shown by the present standard leads.” In our series with 
clinical infarction, the standard leads showed changes in 13 patients who had normal A.B.C. 
tracings. In fact, the A.B.C. leads demonstrated minor changes in only two patients in the infarct 
series who had not significant standard lead changes. 

A.B.C. leads portray well the change of left ventricular hypertrophy and bundle-branch block 
but do not help any more than do standard tracings to decide whether myocardial infarction 
present in such patients. They do not appear to further the accuracy of diagnosis in patien’ 
having uncertain standard lead changes such as T inversion in aVL or lead III. 

We doubt whether the method furthers accuracy in diagnosis, or even its value as a screeni! 
test. Our main criticism is the apparent relative inaccuracy of the posterior lead A. 


PRA es 


Ua 


Our thanks are due to Dr. A. A. F. Peel for his help and advice in the preparation of this paper, to Miss M. Moc e 
and Staff of the Cardiographic Department, and to Mr. H. C. Gray, for photographic reproductions. 
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IDIOPATHIC HYPERKINETIC STATE: A NEW CLINICAL 
SYNDROME 


BY 
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From the Medical Clinics, Peter Bent Brigham Hospital and Department of Medicine, 
Harvard Medical School, Boston, Mass., U.S.A. 


Received September 1, 1959 


A number of new or hitherto inadequately defined diseases of the heart have been described in 
rec-nt years. Among these have been subendocardial fibrosis (Thomas et al., 1954), localized 
ou low tract hypertrophy (Brock, 1957), and viral myocardiopathy (Silber, 1958) as causes of heart 
fai. ire, and rheumatoid spondylitis (Clark and Bauer, 1948), Marfan’s syndrome (McKusick, 1955), 
an. the carcinoid syndrome (Mattingly and Sjoerdsma, 1956) as precursors of valvular disease. 
In addition, the introduction of accurate diagnostic techniques has indicated that a certain per- 
cer.tage of so-called functional heart murmurs are related to definite, although mild, anatomical 
cardiac defects (unpublished data). 

In the past three years, we have had the opportunity to study and observe a group of eight 
patients who have in common certain clinical and physiological abnormalities described in the 
following case histories. We believe they comprise a hitherto undescribed form of heart disease, 
possibly related to chronic elevation of the cardiac output. 


CASE REPORTS 


Case I (G. S.). This patient was an 18-year-old college freshman referred for study because of a 
murmur heard on routine examination. He had participated actively in school athletics. A mild rise 
of systolic blood pressure had been observed during various school physical examinations. There was no 
history of scarlet fever or rheumatic fever. His father had mild hypertension; his mother was said to be 
unusually “‘nervous.”’ \ 


Physical Examination. Blood pressure 145/73; heart rate 94. The patient was well developed, well 
nourished and appeared normal. Except for a slightly increased carotid pulse, arterial pulsation was 
normal. The jugular venous pressure was normal. There was no cardiac enlargement. The apical 
impulse and heart sounds were normal. A grade 2+, short mid-systolic murmur was heard along the left 
sternal border and at the base, and increased with effort. The electrocardiogram revealed left ventricular 
hypertrophy, increased Q-T interval, and slightly elevated S-T segment with high T wave in V4 to V6 
attributed to diastolic overloading of the left ventricle (Sodi-Pallares and Calder, 1956). The pulmonary 
vascular markings in the X-ray were slightly increased. 


Special Studies. Right heart catheterization revealed normal pulmonary pressures at rest and during 
exercise. Blood oxygen samples gave no evidence for left-to-right shunt. Fick cardiac outputs measured 
at rest and five minutes following cessation of exercise were abnormally raised (5-8 1./min./m.?). The 
cardiac output was not much different during effort. Oxygen consumptions were 197 ml./min./m.? at rest 
and doubled after four minutes of exercise. Arteriovenous oxygen differences were narrowed at rest but 
widened normally following exercise. Blood pressure increased from 145/73 at rest to 170/90 on effort. 

One week later, studies performed following administration of 90 mg. of phenobarbitone again demon- 
strated abnormally increased cardiac outputs (5-3, 4-7, and 6-1 1./min./m.2 (method of Pritchard et al., 
1958)). Two months later, an output of 5-3 1./min./m.? decreased 40 per cent during sleep. Thyroid studies 
including protein-bound iodine, urinalysis, complete blood count, blood urea nitrogen, fasting blood sugar, 


* Investigator, Howard Hughes Medical Institute. This work was supported by grants from the United States 
Public Health Service (N.I.H. H-2637), the Kriendler Memorial Foundation, Wyeth Laboratories, Massachusetts 
Heart Association (#390) and Warner-Chilcott Laboratories. 
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354 BRACHFELD AND GORLIN 
lactates, pyruvates, catechol amines, blood volumes, and hematocrit were within normal limits. A ¢ ld 
pressor test was strongly positive. 


Course. Persistent abnormalities were detected over a one-year period. Serpasil, 0:25 mg. da ly, 
was then begun. At the end of one month of therapy, cardiac output at rest was 2-9 1./min./m.? and bl 9d 
pressure 125/70 with a normal rise in both on effort. 


Comment. The systolic hypertension seemed to correlate well with the high stroke volume recorded on 
three separate occasions with and without sedation. 


Case 2(R. L.). The patient, a 22-year-old male barber, had been in good health and had had nor al 
effort tolerance throughout his life. A murmur was apparently heard at the age of three, but there was no 
history of rheumatic fever or scarlet fever. No heart disease was known in the family. 


Physical Examination. The patient showed a moderate pectus excavatum and a mild kyphosis, bu’ he 
was otherwise well developed and well nourished. The blood pressure was 150/75 and the pulse 95. ‘he 
heart was normal in size, but with a forceful and diffuse apical impulse. There was a grade 3, pan-syst ‘lic 
murmur heard over the right precordium, but loudest in the third left intercostal space. The electrocar: io- 
gram showed incomplete right bundle-branch block and the chest X-ray was normal, 


Special Studies. Right heart catheterization revealed a Fick cardiac output of 6-8 1./min./m.2, nor:aal 
pulmonary pressures, and no evidence of a left-to-right shunt. Arterial oxygen saturation was normal (97° ¢). 
The O, consumption at rest was 171 ml./min./m.? and was more than doubled during effort. Similar hemo- 
dynamic findings were obtained one year later. Laboratory studies including protein-bound iodine were 
negative. A cold pressor test was strongly positive. 


Comment. The mild degree of pectus deformity which did not displace the heart was not thought to be 


responsible for the abnormal physiological and clinical findings which persisted during a one-year period of 
observation. 


Case 3(L. P.). The patient, a student aged 17, had been entirely asymptomatic and very active in sports. 
There was no history of rheumatic fever or scarlet fever and no family history of heart disease. A murmur 
was first noted on examination for military service. 


Physical Examination. He was thin, but otherwise well developed and well nourished. The blood 
pressure was 125/75 and the pulse 80. The carotid pulses on each side were full. The jugular venous 
pressure was normal. The heart was normal in size on percussion, but there was an increased left ventricular 
tap. The first sound at the mitral area was slightly increased. P2 was louder than A2 and split. There 
was a grade 2, early soft systolic murmur, loudest at the lower left sternal border and radiating to the apex 
and base. The remainder of the examination was negative. The electrocardiogram denoted left ventricular 
hypertrophy and sinus arrhythmia, while the X-ray showed normal appearances of the heart and lungs. 


Special Studies. Right heart catheterization showed normal pulmonary and systemic pressures and no 
evidence of a left-to-right shunt. Cardiac outputs, determined at separate times by both the Fick and dye 
dilution methods, were raised (5-3 1./min./m.2 and 6-0 1./min./m.? respectively). Oxygen consumption 
was normal (162 ml./min./m.2) and the arteriovenous oxygen difference was narrowed (2-7 vol. per 
cent). Pertinent laboratory studies (see Case 1 for detailed list) were within normal limits. 


Case 4 (R. A.). The patient was a 35-year-old labourer, who was referred for cardiac evaluation 
because of a murmur known to be present for 15 years. He had not had scarlet fever or rheumatic fever, and 
no heart disease was known in his family. The patient had stuttered from early youth and was “‘nervous” 
as far back as he could remember. He had complained occasionally of diffuse precordial distress with 
emotional upsets, but not with exercise. 


Physical Examination. The patient was anxious-looking, well developed, and well nourished. Blood 
pressure 110/65; pulse 80. The carotid pulsations were increased in amplitude and the jugular venous 
pressure was normal. The heart was not enlarged, but the left ventricular impulse was slightly increased. 
The heart sounds were normal but there was a grade 3, basal systolic murmur which was not transmi‘ted 
to the neck. The electrocardiogram revealed left ventricular hypertrophy and the chest X-ray was nor nal 
except for moderate pulmonary plethora. 


Special Studies. Right heart catheterization revealed normal pulmonary pressures and no evidence f. ra 
left-to-right shunt. Oxygen consumption was 158 ml./min./m.? at rest and doubled on exercise. Cari iac 
outputs, measured by the Fick and isotope methods (Pritchard et a/., 1958) during catheterization, avera zed 
5-7 1./min./m.? at rest. Eight months later, the cardiac output was 4-7 |./min./m.? and did not change dw: ing 
sleep. A cold pressor test was strongly positive. Pertinent laboratory tests (see Case 1 for detailed ist) 
were all within normal limits. 


Comment. The precordial chest pain spontaneously disappeared and has not returned. Abnormal ‘ies 
were observed and documented over a period of one and a half years prior to this report. 
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Case 5 (R. R.). This patient was an 18-year-old male student referred for evaluation of a cardiac 
murmur. At the age of four he was found on X-ray to have an enlarged heart but apparently no murmur 
wos heard. He grew and developed normally and never had rheumatic or scarlet fever or any serious 
ill ess. He was a vigorous athlete and a member of a football team when first seen. Four months before he 
ca ne under observation, during an attack of influenza, his medical attendant heard a grade 1 ‘‘functional”’ 
murmur. Because of “‘pleurisy” and malaise, an electrocardiogram was taken. This showed high voltage, 
de ayed intrinsicoid deflection and upright T waves over the left precordium. Recovery from this illness 
w srapid and complete. The murmur and abnormal electrocardiogram were again noticed several months 
la 2r during a routine medical examination. The family history was normal except for a brother with sinus 
b: idycardia. 


Physical Examination. Blood pressure 120/70; pulse 74. The patient looked anxious but in good health. 
€ rotid arterial pulsations were somewhat increased. The heart was normal in size, rhythm, and force of 
ir oulse. The mitral first sound was slightly increased; P2 was normal. There was a grade 2, systolic 
m .rmur, loudest along the left sternal border, heard also at the apex, and increased with effort. The electro- 
c: diogram showed left ventricular hypertrophy. The pulmonary arterial markings were increased and 
tk : left ventricle prominent in the X-ray. 


Special Studies. The cardiac output determined two months before right heart catheterization was 
8» 1./min./m.? with little change on exercise. Right heart catheterization revealed normal pulmonary 
p: -ssures and no evidence of a left-to-right shunt. Arterial oxygen saturation was 99 per cent. Despite 
sc iation, the arteriovenous oxygen difference was narrow (2:7 vol. per cent) and cardiac output averaged 
7 ‘ 1./min./m.2.. Brachial artery pressure recorded on four separate occasions showed pressures between 
1: ) and 180 mm. systolic and 75 to 90 mm. diastolic. Heart rate at rest varied from 72 to 90. Further 
d: cerminations 14 months after right heart catheterization revealed an output of 6:7 |./min./m.2 which did 
nt change during the dozing state. Ancillary laboratory studies (see Case 1 for detailed list) were normal. 
A cold pressor test was negative. 


Comment. Circulatory and electrocardiographic abnormalities were found over a two-year period 
0: observation. Following one month of serpasil, 0-25 mg. daily, resting cardiac output was found to be 
normal (3-6 1./min./m.*) with a blood pressure of 125/70. 


Case 6 (B. H.). The patient was a 48-year-old man with a reported valve lesion since the age of 6 
and rheumatic fever at the age of 25. Symptoms of pulmonary and peripheral congestion with cedema had 
developed 12 years before admission, and had been controlled with therapy. Symptoms recurred and he 
was admitted for study. 


Physical Examination. He was thin with engorged and pulsating neck veins and prominent carotid 
arterial pulsation. The blood pressure was 124/60; auricular fibrillation at the rate of 105 a minute. 
Rales were heard at the lung bases. The heart was enlarged to the anterior axillary line with both right 
and left ventricular heaves. There was a grade 4 precordial systolic and a grade 4 apical mid-diastolic 
murmur. The liver edge was felt two finger breadths below the right costal margin, and pretibial edema 
extended up the shin. The electrocardiogram showed right ventricular hypertrophy and auricular fibrillation. 
On X-ray the heart was increased in transverse diameter 58 per cent above normal; there was notable dilata - 
tion of the pulmonary artery and right ventricle, and slight dilatation of the left atrium. 


Special Studies. Cardiac catheterization revealed a pulmonary capillary pressure of 25 mm. Hg. The 
pulmonary artery pressure was 35 mm. Hg; the pulmonary vascular resistance was not abnormal. The 
mitral valve area was calculated to be 2:5 cm.?2 (Gorlin and Gorlin, 1951). There was evidence of right 
ventricular failure and tricuspid regurgitation, but not of a left-to-right shunt. The resting cardiac output, 
determined by the Fick method, was 10-3 1./min. (6-3 1./min./m.?). Additional laboratory tests revealed 
hematocrit value of 45; a 24-hour radioactive iodine uptake of 25 per cent, and normal renal and hepatic 
function tests. 


Course. The patient continued to have progressive pulmonary congestion, ultimately developed chronic 
right heart failure and died two years after study. No necropsy was obtained. 


Comment. Mild mitral stenosis was, in this case, much aggravated by a high cardiac output. If cardiac 
output had been normal (6 |./min.), there would have been virtually no pulmonary hypertension (pulmonary 
capillary pressure 10-12 mm. Hg). 


Case 7(T. M.). The patient was a 27-year-old labourer who had been well throughout his life, and had 
had no cardiopulmonary symptoms, and had normal exercise tolerance. At the age of 3 a systolic 
murmur was heard. There was no history of scarlet fever or rheumatic fever. The family history was 
negative for heart disease. In 1946, when he was 15, right heart catheterization was performed. 


Physical Examination. Blood pressure 125/60; pulse 76. The jugular venous pressure was normal and 
carotid pulsations were full, bounding, hyperactive, and bisferiens in quality. The point of maximal im- 
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pulse was forceful and located 2 cm. lateral to the mid clavicular line in the fourth intercostal space. A 
the left sternal border, a right ventricular heave was noted. P2 was louder than A2. There was a grac 
4, short, high-pitched, systolic murmur at the left sternal border, loudest at the third intercostal space. 

third heart sound was heard over the entire precordium. The mitral first sound was normal. The r 
mainder of the examination was normal. Incomplete right bundle-branch block and left ventricul: 
hypertrophy (diastolic overloading of both ventricles) were seen on the electrocardiogram (Fig. 1). Che: 








Fic. 1.—Cardiographic patterns of two patients are shown above. Note the rSr’ 
configuration in the right precordial leads and the high T waves in Vs in T.M. 
A.N. was on digitalis which may have modified the pattern over the left ventricle. 


film showed normal transverse diameter of the heart with left and right ventricular prominence and increas 
in the pulmonary arterial segment. The lung fields were engorged. The aortic arch was full. Th 


radiologist considered the findings to be consistent with a ventricular septal defect. 


Special Studies. During the cardiac catheterization performed at the age of 15, cardiac output wa 
7:2 1./min. (5-6 1./min./m.2). Right heart pressures were within normal limits with no evidence of left-t: 
right shunt. The patient was re-admitted for study 12 years later at the age of 27. The cold pressor te: 
was positive, but the clinical laboratory studies were normal (see Case 1 for detailed list). Cardiac output 
at rest, during exercise, and five minutes after (Pritchard et al., 1958) were 5-7, 6-3, and 5-2 1./min./m 
respectively. Blood pressure at rest was 124/55 and rose to 146/80 on exercise. The heart rate increase 
from 76 to 104 with exercise. Prolonged rest (light sleep) in a quiet room did not decrease the raise 
cardiac output. 


Comment. This patient had a murmur present most of his life with known electrocardiographic an 
X-ray abnormalities of 13 years’ duration. In addition, he has had evidence of an increased cardiac outpi 
during this period. His electrocardiogram at the present time meets the criteria for diastolic overloadir 
of both ventricles. 
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Case 8 (A. N.). The patient was a 27-year-old man complaining of fatigue. He had a vague ill- 
nes as a Child with “‘aches all over,” but no definite history of acute rheumatic fever or scarlet fever. He 
hai normal effort tolerance until 12 years before admission when he had become more breathless on severe 
exertion than his companions. Ten years before admission, he was told that his heart was found to be 
en! irged on X-ray and that he had a heart murmur. Eight years before admission he became easily 
fat zued on exertion and this has increased gradually to the present time. During the past two to four 
ye: °s, he had noted occasional premature beats and a non-productive cough. There was no family history 
of .eart disease. 


Pad 


Physical Examination. Blood pressure 140/90; pulse 80; respirations 18. The head was slightly increased 
in .ize and there was a spina bifida. Jugular venous pressure was normal. The carotid arteries were 
fo: :eful and collapsing, but without a thrill. The heart was enlarged to the left and there was a slight right 
ve tricular heave. The left ventricular impulse was forceful. P2 was accentuated. There was a grade 3 
ro’ gh systolic murmur 4 cm. to the left of the sternal border in the third intercostal space, radiating to the 
ap x and to the base. The mitral first sound was decreased. The liver was felt one to two finger breadths 
be »>w the right costal margin. There was non-pitting, brawny cedema of both legs. No bruits were heard. 
Ti - electrocardiogram revealed incomplete right bundle-branch block, left ventricular hypertrophy, and 
pr: minent P waves in leads II and III (Fig. 1). The X-ray of the skull was normal. That of the chest 
sh wed generalized cardiomegaly with prominence of the right and left ventricles. The left atrium was 
no mal. The aortic knob and arch were within normal limits. The pulmonary artery was greatly enlarged 
an | there were conspicuous pulmonary vascular markings. 


Special Studies. Right heart catheterization was performed and showed pulmonary pressures to be 
nc mal except for a 5-mm. elevation of pulmonary capillary pressure on effort. The mixed arteriovenous 
ox gen difference was narrowed, but no evidence of a left-to-right shunt could be found. The Fick cardiac 
ou put was 7-0 |./min./m.? with normal rate and blood pressure. These findings were confirmed on repeat 
ca‘ neterization three days later, and again three years later the cardiac output was found to be still raised 
at est, on effort, and during sleep. The circulating blood volume was increased to 4-0 1./m.2 on two 
occasions, but all other laboratory studies gave normal results. 


Cc x 


Comment. Our findings were persistently abnormal in this patient over a three-year period. The 
cardiac output did not change following two months of reserpine therapy (0-25 mg. daily). 


CLINICAL FINDINGS 


Since all patients were referred to us, they had naturally been seen by another physician, usually 
as part of a college or employment physical examination, at which time a murmur had been heard. To 
this extent, our patients have been “‘pre-selected’”’ and we are unwilling, therefore, to attribute 
any significance as yet to the fact that they were all men between 17 and 48 years of age. 

They were generally free from subjective complaints. Only Case 6, with mitral stenosis aggravated 
by the high cardiac output state, and Case 8, with incipient heart failure, had moderate exertional 
fatigue. The others were apparently normal subjects, so symptom-free as to resent somewhat the 
protracted and apparently unwarranted interest of the attending physician. The occupation varied 
widely from labourer to student. Four of the patients, by virtue of athletics or occupation, were 
considered to be in good physical condition at the time of observation. Anxiety, but not self- 
concern, seemed prominent in at least six of the eight patients. 

The patients were of varying, but average, body build and free of deformity except Case 8 who 
had a large cranium and Case 2 who had a moderate pectus excavatum. The blood pressure was 
often labile, occasionally with systolic hypertension and a wide pulse pressure. The cold pressor 
test was positive in five of the six patients tested. The pulse rate was usually normal. Skin colour 
and warmth were normal. There was no tendency to sweating and none had evidence of hemangio- 
mata. In over half of the patients, the carotid pulsations and left ventricular impulses were hyper- 
active on palpation, but in the others, there was no detectable increase in activity. In each case 
there was a murmur of varying intensity generally located between the pulmonary area and the 
mesocardium, and usually of a ‘“‘flow” type, blowing in quality. No bruits could be detected 
Over any organ or great vessel. No other physical characteristics of importance could be 
discerned. 

The electrocardiogram was abnormal in all the patients, and in each there was evidence of right 
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or left ventricular overloading. The electrocardiographic change characteristic of high blo 
flow, diastolic overloading (Sodi-Pallares and Calder, 1956), was seen in four patients (Fig. 
By X-ray, the lung vessels were more prominent than normal in half of the patients and there v 


evidence of shouldering of the right ventricle or posterior rotation of the left ventricle in over hi { 


On the other hand, the X-ray findings were unimpressive in some, but fluoroscopy did rev 
increased activity of the cardiac borders. 


PHYSIOLOGICAL AND DIFFERENTIAL DIAGNOSTIC STUDIES 


All patients had a strikingly increased systemic cardiac output and decreased peripheral resistai » 


at rest (Fig. 2). Except for a wide pulse pressure and increased stroke volume, no other abnorma! 
could be discerned. 
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Fic. 2.—Comparison of average hemodynamic values at rest and during effort between our controls 
and patients with hyperkinetic state. CI=cardiac index; A-Vo,=arteriovenous oxygen difference; 


SVR=systemic vascular resistance (dyne sec. cm.~5); HR=heart rate; QO2=oxygen consumption. 


There was no clinical evidence of thyrotoxicosis, liver disease, pulmonary disease, Page'’ 
disease, hereditary telangiectasia, anemia, or renal disease. Pertinent laboratory tests served | 


exclude, as far as possible, these diagnoses. Cardiac catheterization revealed no evidence of le 
to-right shunts and the uniformly high superior and inferior vena caval oxygen samples ruled ou 
single large vessel arteriovenous aneurysm. 

Lack of subjective symptoms, good physical training in half the patients and normal exerc 
lactate and pyruvate values ruled out both vaso-regulatory asthenia (Holmgren et al., 1957) a 


neuro-circulatory asthenia (White et al., 1944). Good evidence against transient anxiety wv : 


obtained from sedation (Hickam et al., 1948) and sleeping studies, both of which generally fai! 
to alter the high output state. 


DIAGNOSIS 


Method of Detection of Patients. It is our belief that these patients constitute a distinct clini 
entity. What diagnostic criteria, then, may be of value in the recognition of this syndrom 
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Some clues are available from examination of our cases. One patient was initially seen for evalua- 
tion of mitral stenosis producing disabling pulmonary symptoms: the possible primary significance 
c the high cardiac output was appreciated only in retrospect when the patient was found to have 
very mild mitral stenosis. The other seven were referred for assessment of a non-specific cardiac 
rp urmur. In only two of these was the diagnosis of idiopathic high cardiac output suspected 
nically prior to full laboratory studies. 

The first clue, therefore, in diagnosis will be the presence of a cardiac murmur, particularly 
» 1en the murmur itself or the associated findings do not suggest a specific disease. Indeed, some 
tients with so-called functional murmurs may have a high cardiac output. Persistent overactivity 
the heart and large arteries has been of importance, particularly when no obvious cause such as 
a ortic regurgitation, hypertension, ventricular septal defect, or patent ductus arteriosus can be found. 
( ae of the commonest differential diagnoses on physical examination will, of course, be ventricular 
s ptal defect with high pulmonary blood flow, and, occasionally, cardiac catheterization may be 
r -cessary to rule this out. We have found the contour of indicator dilution curves helpful in this 
¢ 
t 
lt 
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fferential diagnosis. Another clue is labile blood pressure or persistently wide pulse pressure in 
e absence of hypertension or aortic regurgitation. Here, the effect of transient anxiety can usually 
: eliminated by a period of rest. 

All of our patients showed some electrocardiographic change indicating ventricular hypertrophy, 
ten of the high blood flow or diastolic overloading pattern. Therefore, high cardiac output must 
: considered in the patient with unexplained ventricular hypertrophy. Less striking, but of equal 
iportance, were the X-ray changes. Pulmonary plethora or ventricular prominence without 
yparent cause may be diagnostic clues, particularly if coupled with overactivity of the cardiac 
silhouette as seen by fluoroscopy. 

The diagnosis, then, is one of suspicion. The syndrome can mimic so many other states that it 
cin undoubtedly be easily overlooked. When a firm diagnosis cannot be offered, and there is a 
murmur and also overactivity of the heart, the possibility of high cardiac output should be 
entertained. 


oe ae’ 6 


PATHOGENESIS 


The exact cause of the high output remains a mystery. Although it is not possible to rule out 
a diffuse arteriovenous anomaly, we believe that the disease is primarily a defect of central (neuro- 
humoral) regulation of cardiac output. We have been impressed by the fact that our patients 
tended to be anxious, but we have no data to suggest a relation between chronic anxiety and a 
chronically hyperkinetic circulation. Some slight evidence against this is the known presence of 
murmurs since childhood in three patients. Stevenson et al. (1949) have suggested that patients 
with anxiety and easily provoked cardio-acceleration are particularly prone to the ultimate develop- 
ment of heart disease. No such conclusions can yet be inferred from our studies. 


PROGNOSIS 


It is much too early to prognosticate. The syndrome obviously has a long course. Murmurs 
had been known to exist in some patients for 20 to 30 years prior to observation and study. High 
flow states, for example, patent ductus arteriosus, ventricular septal defect, and aortic regurgitation, 
take years to precipitate heart failure in otherwise normal hearts. Therefore, it is not surprising 
that thus far in our group, only two subjects seem to have had clinical difficulty: Case 6 had 
severe clinical symptoms because a high cardiac output aggravated his mitral stenosis; and Case 8 
with a murmur of 10 years’ known duration, now has cardiac enlargement and early left ventricular 
failure at the age of 27. All the patients, regardless of symptoms, had evidence of ventricular 
hypertrophy; it seems possible at least that dilatation and failure will ultimately occur in all. 


Therapy. Administration of reserpine has been instituted in the five patients not lost to follow- 
up. In Cases 1 and 5, after one month of therapy, the cardiac output, stroke volume, and blood 
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pressure have returned to normal at rest, with normal responses to effort. Such a salutary respon e 
was not seen in Case 8. Follow-up studies on the other two patients are not yet available. 


SUMMARY 


Eight patients are presented who had in common, a systolic murmur, cardiac hypertropt , 
a raised cardiac output, and low peripheral resistance. One patient ultimately died of mitral steno: s 
of mild degree, but severely intensified by high cardiac output, and one was in early left heart failu: : 
No known cause of the high output state has been defined thus far. These patients may constitu e 
a new Clinical entity. 


De. 


Addendum. Since writing this paper three further patients with this syndrome have be a 
identified. One was a woman and all were between 18 and 20 years old. 


The authors are indebted to Dr. Lewis Dexter who generously furnished information on two patients, Drs. Alb :t 
Renold and Dale Friend through whose laboratory assistance we were able to obtain catechol amine levels aid 
lactate-pyruvate studies, and to Drs. John D. Turner and Eduardo Salazar who performed the observations duriig 
sleep which are reported herein. Cardiac catheterization in Cases 6 and 7 was carried out in the laboratory of Dr. 
Lewis Dexter. The technical and secretarial aid of Miss Elin Alexanderson, Mrs. Elizabeth Hughes, and Miss Eunice 
Ward is gratefully acknowledged. Serpasil was kindly supplied by CIBA Pharmaceutical Products Inc. 
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Twenty-five years ago Sir Thomas Lewis summarized the state of knowledge regarding this 
im dortant congenital lesion (34)* and thought that “‘new records of cases can have little value unless 
th: y reveal new features of interest and importance to the study of the condition.” Yet hardly 
m re than a decade later the first patients with coarctation of the aorta were to be successfully 
op:rated upon in Sweden (11) and the United States (23). A new era of progress in the treatment 
ani understanding of the pathological physiology of this lesion began. By 1953 Gross had oper- 
ated on 270 patients (24), and more recently it has been possible to collect data on 1601 patients 
su: gically treated by 36 surgeons (52). It is apparent that operative intervention for coarctation 
of the aorta has become widely practised. Its broad acceptance appears to be justified not only 
by the demonstration that the classical pulse’abnormalities can be largely reversed (5a, b), but also 
by the reasonable safety of the procedure and by the subjective improvement of patients (7, 8, 24). 

The cure of the characteristic hypertension has been included among the benefits of surgical 
treatment in reports from a number of clinics (6, 10, 20, 24, 27, 35). Indeed a fall in blood pressure 
does usually follow successful intervention, but most communications have described the condition 
shortly after the operative procedure, and the criteria for evaluation of the blood pressure response 
are usually referred to an arbitrary or ideal value. With few exceptions (6, 9, 59) systematic 
observations at remote intervals after treatment have not been made, and in one of these (9) the 
conclusions appear to be at variance with the more numerous and optimistic results reported just 
after operation. In this latter work alone were the data given careful statistical treatment. 

Obviously this question is of prognostic importance since the complications of hypertension 
are the cause of a quarter of the deaths in coarctation (24), and since in untreated cases there is a 
progressive increase in systolic pressure during the first two decades of life (6). Moreover, the 
issue is of interest from the theoretical point of view since the mechanism of most forms of hyper- 
tension is poorly understood, and that of coarctation has evoked considerable disagreement. The 
classical view that it is caused by the mechanical obstruction (3, 4, 34) has been challenged on a 
number of grounds by those who hold that it is caused by an interference with the renal arterial 
flow producing a generalized increase in peripheral resistance (38, 44, 45). Finally, there has been 
speculation about the mechanism and significance of the abdominal pain and the paradoxical 
rise of blood pressure that not infrequently follow resection of the coarctation (2, 43, 47). These 
considerations suggested that an immediate and long-term study of the effect of operation on 
coarctation hypertension would be desirable. 


MATERIALS AND METHODS 


In the ten years, 1948-1958, 80 patients underwent surgery for coarctation of the aorta at Stanford 
University Hospital. In nearly all, the procedure was resection of the stenotic area followed by end-to-end 


* For various reasons, an exception has been made for this paper in the usual method of quoting the references. 
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anastomosis of the aorta. Only rarely was it necessary to divide the left subclavian and perform a s b- 
clavian-aortic anastomosis. In 8 instances an associated patent ductus arteriosus was ligated. There v :re 
8 deaths occurring within six weeks of operation: one an infant of two months, one a child of two years, ad 
the remainder adults. 

In 58 of those with a successful operation sufficient information was available to include them i a 
study of the immediate blood pressure response to operation. This required that directly after it and or 
the following 10 to 14 days daily blood pressure determinations were available. These were tabulated se ar- 
ately and the median values for each day were plotted. There was good agreement between the press: ‘es 
taken by physicians and by nurses, the mean difference for 20 randomly selected medians being 10°8 syst ‘lic 
and 8-8 mm. Hg diastolic. The median reflects the middle value, and as such gives a central figure < 1d, 
where the range is large, it minimizes the expression of large deviations. Although popliteal pressures v >re 
not available as a routine, observations regarding the character of the pulses in the leg were usually recor¢ :d. 
As a control group, patients undergoing ligation of a patent ductus arteriosus were compared since t iey 
would represent a sampling of patients without hypertension undergoing a surgical procedure invol\ ng 
a congenital anomaly in the same location. 

Follow-up information is available on 39 of the original group of 58 patients. One died two years a ter 
operation of severe coronary artery disease complicated by ventricular septal defect: his blood pressure |:ad 
been normal from the time of operation till his death. The remaining 38 patients were re-examinec at 
intervals ranging from 1 to 9 years after surgery. Their general status was ascertained, special attent:on 
being given to the effect of the repair on pre-existing symptoms. Physical examination was always as 
complete as possible, and an attempt was made to record cuff pressures from all four limbs as a routine. 
The right arm pressure was recorded at intervals during and at the end of the examination, in order beiter 
to approximate the basal value. For the diastolic pressure both the points of muffling and of extinction 
were recorded, the latter point being taken as the diastolic level when the interval between the two points 
was significant. In 19 instances standard exercise was also done and the blood pressure responses recorded. 
Twelve-lead electrocardiograms and cardiac X-rays including posterior-anterior, lateral, and two oblique 
views were routinely made. 

In the long-term study the tables and graphs will refer to the 27 consecutive patients who first responded 
to the follow-up summons. The 11 patients who were seen subsequently have been evaluated in exactly 
the same manner and their long-term results are not significantly different from the others. 

In all phases of the study, patients were classified as having a normal or a raised blood pressure by 
reference to studies of the “‘normal’’ population. The compiled data of Nadas (37) were used for infants 
and children, and from the age of 16 the standards of Master (36). Patients with blood pressures two 
standard deviations or more from the mean at their age were considered to be hypertensive. 


THE PERIOD FROM OPERATION TO DISCHARGE 


From the composition of the patients and of the control group in this phase of the study 
(Table I), it will be seen that the mean ages are comparable but that the range for those with 
coarctation was wide. There was the usual male predominance. 


TABLE I 
COMPOSITION OF PATIENT STUDY 











ductus 


| Number of | Mean age, years | Sex | Procedure 
| patients | | | 
Immediate postoperative | 58 | | M-41 | Resection of coarctation 
study ne. "o25- 55) | F-17 | and aortic anastomosis 
| Ligation and division of 
| 


| 

Control study.. ..| 25 | 16-4 M-9 
| | (Range: 2-35) | F-16 
| 





Fig. 1 indicates that systolic hypertension was almost always present and generally diast« ‘ic 
hypertension also (74°%), confirming observations from other sources (5, 32, 50, 58). Fig 2 
indicates a clear tendency for the systolic, but not for the diastolic, pressure to rise with age. 

Table II compares the blood pressure responses of the patients and controls before operation < 1d 
for the first ten days after, and shows that on discharge the average pressure had fallen 25/10 m n. 
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xactly FIG. 1.—Systolic and diastolic pressures before operation Fic. 2.—Systolic and diastolic pressures before 
recorded by the indirect cuff method are plotted against operation are plotted against age. Although 
ire by age. The mean and +2 S.D. lines represent values the diastolic pressure appears to be in- 
afants from normal population studies as described in the text: dependent of age, the systolic pressure tends 
. ten the —2 S.D. line has been omitted for simplicity. The to rise with age. 
high ‘‘normal”’ diastolic levels from ages 1-4 compared 
with the curve for the following decade is due to incon- 
sistencies in recording technique, the point of muffling 
having been taken as diastolic pressure between the 
ages of 1-4 years. Systolic hypertension was almost 
study invariable and diastolic hypertension usual. 
with 
TABLE II 
AVERAGE BLOOD PRESSURE 
Coarctation PDA 
Pre-operative .. ae 168/96 117/57 
Post-operative day— 1 | 148/88 118/77 
3 | 143/92 119/77 
$ | 149/107 117/80 
10 153/90 113/74 
On discharge .. a 143/86 | — 
in those with coarctation. But their average pressures are at all times higher than those in the 
patent ductus group, which experienced no significant alterations in average systolic pressure or in 
istc IC diastolic pressure after the first day. The immediate rise (to normal) of the diastolic pressure in the 
, P te first day | . 
Fig 2 latter group was the anticipated consequence of closing an A-V fistula. 
Although prompt blood pressure reductions did occur in some instances, slow reductions 
nz id accompanied by intermittent rises were seen in 53 per cent of the group. Fig. 3 is an example of 
. Pp y . . . P . . & . P . 
) ir 1. this pattern. Not infrequently abdominal pain or distension also occurred. Abdominal pain 
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occurred in 16 per cent of the controls but in 31 per cent of those with coarctation where it tend d 
to be more severe. “‘Immediate’’ rises of blood pressure (those occurring within the first 36 how: s) 
were seen in 14 per cent of those with coarctation and in 16 per cent of the controls. ‘‘Delayec ” 
rises (those after the first two days) were seen in 53 per cent of those with coarctation but in or y 
24 per cent of the controls. Fig. 4 shows both types, with the delayed rise quite sustained. TI is 
paradoxical behaviour of the blood pressure after operations for coarctation has been report d 
(43, 47), and immediate and delayed rises as used here correspond to the designations of Sealy (4 ). 

The individual response of blood pressure to surgical treatment was variable. As expected, thc ie 
with the highest basal levels had the greatest reductions. The fall in systolic levels was depende it 
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individual patient. The hatched bars repre- Fig. 3. Note not only an immediate rise in 
sent pressures taken by medical personnel blood pressure on the first postoperative day, but 
and the solid bars those taken by _hurses. also a secondary rise on the sixth day which had 
The small numbers above the bars indicate not declined at the time of discharge on the 
the number of determinations done, and the twentieth day. At five year follow-up this 
bar represents the median value in each in- patient’s blood pressure was 150/84 mm. 


stance. Note the delayed type rise in pressure 
on the fifth day, following an initial fall to 
normal. At five year follow-up the blood 
pressure was 140/95. 


on the systolic level before operation but was seemingly independent of the diastolic pressure 
(Fig. 5 and 6). Fig. 7 illustrates the analogous dependency of the diastolic pressure response on § 
the preoperative diastolic level. In Fig. 8 there is an apparent tendency of the older patients to 
have larger systolic, though not diastolic, reductions than the younger ones, but this is a corollary 
of Fig. 2 which shows that preoperative systolic, though not diastolic, levels rise with age. 

At the time of discharge from the hospital the mean fall in blood pressure for the entire group 
was 25/10. This is quite comparable with the differences noted at a similar postoperative interv. i 
in studies elsewhere (8, 59). Fig. 9 further indicates the situation at the time of discharge. On y 
33 per cent of the group could be considered to have a normal blood pressure, and where it wi s 
high, both systolic and diastolic pressures were raised in 29 per cent, the diastolic only in 14 pr 
cent, and the systolic only in 24 per cent. Those who acquired a normal pressure did so gradual y 
as expected (24) and on the average it was normal for the first time on the twelfth day, with a wic e 
range from | to 22 days. 


PREOPERATIVE DIASTOLIC BLOOD PRESSURE mm Hg : 


THE LATE RESULTS OF OPERATION 


In Table III the most relevant data pertaining to the composition of the follow-up group a 2 
summarized. In a parallel column this is compared with the entire original group at the time : f 
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Fic. 7.—As with systolic pressures, the subjects with the 
highest diastolic levels before operation experienced 
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Fic. 5.—Scattergram, showing that the post- 
operative fall in systolic blood pressure was 
proportional to the systolic pressure before 
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Fic. 6.—Scattergram, showing that the fall in 
systolic blood pressure after operation is in- 
dependent of the diastolic pressure before 
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the greatest change after operation. 
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Fic. 8.—This scattergram is a corollary of Fig. 2, 
As in the case of the original 


blood pressure levels, the post-operative fall 
for systolic pressure, but not for diastolic 


pressure, was greater with age. 
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hospital discharge. 
an acceptable random sample. 


It will be seen that they are representative of the original group, and consti’ ste 
For example, the blood pressures before and immediately a ter 


operation were similar in the two groups and at discharge the numbers with normal and with ra ied 


blood pressure were similar. 
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Fic. 9.—This illustration has the same conventions as 
Fig. 1. It shows that at discharge a substantial 
majority of subjects were still hypertensive. 
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Fic. 10.—The +2 S.D. lines are drawn in, and the 
stippled area represents the central 80 per cent 
of the ‘“‘normal” population. At long-term 
follow-up most of the abnormally high systolic 
and abnormally low diastolic pressures belonged 
to subjects with significant aortic regurgitation 
or a difference of 20 mm. or more between the 
cuff pressure in the arms and legs. 


TABLE III 
LONG-TERM STUDY 





Follow-up group Original group 





Number of patients 

Mean age of patients ‘ 

Duration of follow-up (mean and range) 

Mean blood pressure before operation . 

Mean blood pressure at discharge 

Fall in blood pressure on discharge 

Normal blood pressure on discharge .. 
Systolic and diastolic Senpevaniieay on discharge 


. | 27 | 58 
ge 18 | 19°5 
.. | 391-9) yr. | sa 
; 171/98 168/96 
139/82 143/86 
32/16 | 25/10 
| 37% 33% 
29% 29° 





None of these patients had experienced any of the sequele of hypertension associated v th 
coarctation of the aorta, nor had there been any instances of endocarditis or aortic dissecti »n. 
Subjectively they felt well and led active lives although there were occasional complaints of | 1l- 


pitation or “nervousness” 


and rarely dyspnea. 


Those who before operation had experien ed 


fullness in the head or neck, dizziness, or paresthesiae in the lower extremities were relieved of tl ‘se 


symptoms. 
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In contrast, physical findings were still plentiful. The left radial pulse was palpably weaker than 
th: right in half of the cases, the average difference in brachial systolic pressures being 20 mm. 
({r: nge 6 to 33 mm.). In 5 cases the femoral pulse was weaker than the right radial pulse and/or 
th popliteal systolic pressure was less than the right brachial pressure by 20 mm. or more. Once 
th femoral pulse could not be palpated nor could the popliteal pressure be recorded. In all other 
n ‘ances the popliteal systolic pressure equalled or exceeded the brachial pressure. 

Apical heaves [3], carotid [3], and suprasternal [10] pulsations were not uncommon, and these 
fi: lings together with the palpably wide pulse pressure at times suggested a hyperdynamic circula- 
ti 1. Systolic murmurs were widely distributed over the precordium, neck, axilla, and back (see 
Fi . 11). Basal and left sternal border diastolic murmurs also, presumably of aortic regurgitation, 
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Fic. 11.—The distribution of systolic murmurs over the precordium, neck, axilla, and 
interscapular regions in 24 patients. In addition, diastolic murmurs were heard at 
the base and/or left sternal border in five cases, and an apical diastolic murmur in 
a single case. 


were heard in 5 patients, in 4 of them with the peripheral signs of aortic regurgitation. In only 
one of these was the diastolic murmur not heard before operation, and here the regurgitation was 
thought to be trivial. An apical diastolic rumble suggesting mitral stenosis was heard in one 
patient. 

Twenty-four electrocardiograms at long-term follow-up were compared. In 13 that had been 
normal no significant change occurred, in 1 with abnormal T waves before operation the trace 
became normal, in 4 abnormal T waves appeared postoperatively for the first time in the absence 
of hypertension or an aortic valve lesion. Left ventricular hypertrophy was present in two 
subjects with aortic regurgitation, and right ventricular hypertrophy in one child before and after. 
In one instance prolonged A-V conduction time existed before and after, and once incomplete right 
bundle-branch block appeared for the first time after operation. 

Since discharge from hospital, the group had experienced an additional mean fall in blood 
pressure of 10/19. Table IV and Fig. 10 indicate that 74 per cent of the group were now within 
two standard deviations of the mean blood pressure for their respective ages. Seven patients still 


TABLE IV 
LONG-TERM STUDY 





At follow-up | At discharge 





Number with normal pressure - 20 (74%) 10 (37%) 
Number with raised pressure: | | 
Systolic and diastolic = al 2 (7%) 8 (29%) 
Systolic only we ae oe 5 (19%) 5 (19%) 
Diastolic only . seit 0 4 (15%) 
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had systolic hypertension, and two of these diastolic hypertension also. Those who had a norr al 
blood pressure for the first time had experienced additional reductions of 19/18, which on ° ie 
systolic side represented a greater reduction than that of the group taken as a whole. 

Further analysis of those remaining hypertensive discloses some points of interest. The t o 
with systolic and diastolic hypertension had popliteal blood pressures that were lower than | 1¢ 
right brachial by 20 mm. or more, and residual coarctation could not be excluded. In one of the e, 
however, the personal physician recorded blood pressure levels that would be considered norr al 
by the criteria employed in this study. Of the 5 with systolic hypertension only, 2 had dynamic: ly 
significant aortic regurgitation, and in one of these the femoral pulse was not palpable nor i ie 
popliteal blood pressure recordable. One had a 24 mm. difference in the popliteal systolic pressi re 
as well as an aortic diastolic murmur and one had a diastolic murmur, wide pulse pressure, a id 
rapid brachial upstroke that probably but not certainly indicated significant aortic regurgitatic n. 
The remaining patient had a wide pulse pressure without a diastolic murmur and without a ¢:s- 
crepancy in the popliteal pressures. But here, too, the personal physician was able to reccrd 
normal blood pressures in the familiar consulting room environment. 

Fig. 10 also indicates that even if the line embracing +1-28 S.D. (which would include 80°% 
of the “normal” population (36)) rather than the two S.D. line were to be considered the limit of 
normal blood pressure, as Master has suggested, our final results would not be appreciably altered. 
The data for all 38 patients strongly suggest that when those with significant aortic regurgitation 
and those with questionable residual coarctation are excluded, the incidence of persisting hyper- 
tension after operation for coarctation does not exceed 5 per cent. 


DISCUSSION 


In evaluating the effectiveness of the relief of the hypertension certain pitfalls must be accepted. Assess- 
ments made soon after operation may be misleading since time may be important in a long-standing con- 
dition like hypertension. Moreover, the attempt to divide them into normal and those with persisting 
hypertension may cause difficulties owing to the very definition of terms. Pickering with impressive sup- 
porting evidence (41) maintains that there is no clear division: rather a continuous variation with advancing 
age, in which the frequency distribution for blood pressure shifts towards the higher values. A precise 
level for hypertension therefore cannot be determined. Furthermore, the mortality from cardiovascular 
disease rises steadily with increasing systolic and diastolic pressure, and there is a significant increase even 
with moderate rises. The curve rises first slowly, then rapidly in a non-linear manner, but without a 
sharp break. The ideal way of studying the curability of coarctation hypertension would be to follow the 
series through life in an attempt to determine whether there is an increase over the expected cardiovascular 
deaths. In clinical research this approach is difficult. 

In spite of these difficulties there seems no alternative but to accept the statistical approach with its 
useable tools, the distribution curve and the standard deviation. In terms of standard deviation from a 
measured mean, where the distribution is normal (Gaussian), the prediction is that two-thirds of the indivi- 
dual values will be within +1 S.D. of the mean, and about 95 per cent within +2 S.D. of the mean. The 
statistician regards departures from the mean of more than +2 S.D. as “‘significant’’, i.e. the probability that 
the variation from the normal distribution is due to chance alone is in the order of 5 per cent (24 above 
+ 24 below). Where the distribution is skewed the percentage exceeding +2 S.D. may be increased. 

If the normal population is tested in a random manner so that adequate sampling is made of bloc | 
pressures at suitable age intervals throughout life, the data can be treated in the manner described abov: , 
and a curve of mean blood pressure against age plotted together with lines representing +2 S.D. of thi t 
mean. It would probably be safe to say that the values lying within +1 S.D. of the mean are normal, an | 
that values lying outside +2 S.D. are abnormal. It has been suggested that the clearly normal range t : 
extended to +1-28 S.D. so that it would embrace 80 per cent of the values above and below the mean (36 . 
Pickering is inclined to accept this “so long as it is clear that in this connection normal pressure represen 
the central 80 per cent and the pathological pressures the extreme 5 per cent of values found at that age in 
population sample”’ (41). 

In this study the interpretation cited above has been accepted, and Fig. 1, 9, and 10 are scattergrams fc 
systolic and diastolic pressures of the patients, before operation, on discharge, and at the follow-up, plotte ! 
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by age against the mean and standard deviation lines. In Fig. 1 and 9 the mean and +2 S.D. lines alone 
are drawn, the —2 S.D. line having been omitted for simplicity. In Fig. 10 +2 S.D. lines have been drawn 
as -vell as a hatched area (above the age of 16) embracing the central 80 per cent. 

Since the patient material ranged from infancy to age 54 it was necessary to have “‘normal’’ data to cover 
the entire range. Unfortunately no single source could furnish it all. From newborn to the age of 16 the 
stuly of Nadas was used, and the apparently higher values for diastolic blood pres. ure below the age of 4 
ye: *s is due to the fact that there the point of muffling rather than extinction was taken as diastolic pressure. 
Ab ove the age of 16 the compiled material of Master was chosen: this was gathered from 16 industrial plants 
in: 1e United States and represents blood pressures taken among men and women applying for work. Such 
sta istical studies may be prone to factors favouring unconscious selection and/or non-random sampling. 
Ot viously in this study people who would not or could not apply for work were not sampled. Information 
abc ut the manner of recording blood pressure is not detailed and, for example, it is not stated how the 
dis tolic pressures were recorded in all plants, but it is doubtful whether any study could eliminate all possible 
so.rces of error. The similarity of the data collected by Master to those recorded in England with a very 
dif :rent type of protocol tends to strengthen the validity of the norms that have been selected (28). Since 
wri ing this paper the splendid population study at Bergen in Norway has come to our attention. (4b). The 
me .n and standard deviation of systolic blood pressure in 27,718 men between the ages of 20 and 60 
yee ‘Ss correspond closely with the values of Master. Although sex differences in blood pressure are 
der 1onstrable in Master’s figures the mean difference did not exceed 8 mm. systolic or 4 mm. diastolic at any 
age, So the male values were used in this study where roughly two-thirds of the patients were men. 

Before operation the group almost uniformly had systolic hypertension, there being only two exceptions 
toihis. The two exceptions were a 38-year-old man with a systolic pressure of 140 and a 33-year-old woman 
wita one of 150 mm. In reviewing 175 reported cases King (32) found 19 with levels below 140 mm. 
Niety per cent of 225 patients reported by Steele had systolic blood pressures in at least one arm exceeding 
146 mm. (5). A possible source of error is introduced when the left arm only is recorded.. In King’s 
series the mean systolic difference in the arms was only 5 mm. but there were 10 cases in which the disparity 
was large, the pressure on the left being within normal limits: he postulated that the left subclavian artery 
was involved in the stenosing process in these instances. Neither of the two patients here considered normal 
was in circulatory distress: in one the pressure was known to be a right-arm value, in the other the side was 
not noted. 

The mean pre-operative arm-cuff blood pressure of the group was 168/96, and 74 per cent had raised 
diastolic blood pressures in the arms. Steele (50) found 44 per cent with a raised diastolic pressure in at least 
one arm: he used a level of 100 mm. as the upper limit of normal, but the method of recording the diastolic 
pressure was not described. Fig. 1 indicates that, if Steele’s level were to be used for our material, our 
percentage would be more similar (around 50%) since a number of children and adolescents were hyper- 
tensive by our criteria although their diastolic pressures were lower than 100 mm. In only two was the 
diastolic pressure above 120 and in only 11 was it 110 mm. or greater. In spite of our figure of 74 per cent 
with diastolic elevations these were of modest degree, consistent with the mean value of 96 mm. These 
mean levels, both systolic and diastolic, are in good agreement with studies elsewhere. In Brown’s series 
of 21 patients (5a) the mean intraradial blood pressure was 196/96, Campbell (6) reported 190/105 for his 
group at the age of 17 years, and Counihan a mean pressure of 178/99. 

After operation it was not the rule for the blood pressure to fall abruptly and to remain fixed at normal 
levels, although this was seen sometimes, especially where the pressure had not been very high. Gross (24) 
says that the pressure falls mainly over a period of two or three weeks, and he ascribed this to the gradual 
dilation of the vascular bed below the coarctation, but not much beyond that period. Clagett (7), on the 
other hand, says that the reduction may not be maximal for months. The magnitude of the fall has not 
varied strikingly among different investigators. Cleland reports a mean decline of 32/16 mm. in the initial 
period in 40 cases (8), and in Glenn and O’Sullivan’s patients it amounted to 35 mm. systolic. Wright’s 
estimate for 10 patients two weeks after operation was 23/8, and this is very similar to the difference of 
25/10 mm. of the present study, at the time of their discharge. 

The classification of immediate post-operative results has been very variable. Crafoord (10) after his 
first 22 operations reported return to “low normal values”’. Gross (24) has claimed that 88 per cent of his 
270 patients have experienced reductions to below 140 mm. systolic for adults and for children to levels 
commensurate with their age. On the other hand, Glenn and O’Sullivan (20) found that 50 per cent of 18 
patients had systolic pressures above 140 mm., and Hallenbeck (27) found that only 50 per cent of 31 patients 
had levels of 130/90 mm. or lower. 
2c 
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However, in spite of reductions of blood pressure among patients in this series, which were roug! ly 
similar ,to those cited, they were large enough to result in normal levels by our criteria in only 33 | er 
cent, two-thirds of the remainder having both systolic and diastolic hypertension. Admittedly, some of i 1e 
diastolic rises were of small magnitude and fall into the pressure trough between the ages of 5 to 14 ye. rs 
(Fig. 9), which may be due to low levels for the disappearance of the sounds in this age group. In the child: :n 
between | to 4 years of age where the point of muffling was used instead, the diastolic pressures are norma ly 
higher. Nevertheless, even if this trough is eliminated by drawing a straight line for +2 S.D., there woi !d 
still be one-third with diastolic blood pressures greater than 84 mm. in the | to 15 year age range, or grea er 
than 92 mm. in the older patients. 


It is tempting to relate this mediocre “‘cure’’ rate at discharge to the phenomenon of immediate a id 
delayed blood pressure rises in the post-operative period often accompanied by abdominal pain. Fig 3 
and 4 show examples of this. Eight (14%) of the patients had immediate rises and 31 (539%) delayed 
rises, and in both types the systolic as well as the diastolic measurements were often involved. Tie 
immediate rises represented an increase over the pre-operative pressure, the mean change being + 20/13 mn. 
In one instance of immediate rise, a coexisting patent ductus was tied in a 10-year-old girl: the diastoiic 
pressure of 80 mm. rose after operation to 100 mm. and remained there until the seventh day whereupon it 
returned to its original level. 

The delayed rises began as early as the 2nd and as late as the 7th day with the distribution being most 
frequently at the 3rd and 5th days. A rise is here defined as a departure of 20 mm. or more systolic pressure 
and/or 10 mm. or more diastolic pressure over the lowest value attained at any time after the second day 
in hospital. The mean delayed rise for the entire group was 30/20 mm., but there was a range up to 75 
systolic and 40 mm. diastolic. The duration of these rises was as brief as one day on the one hand, and 
on the other so long that it had not returned at the time of discharge. A return is defined as a 
pressure within 10 mm. systolic of the level before the rise. In 12 patients the rise lasted 5 days or less, 
in 9 it spanned a 6- to 12- day interval, in 2 it lasted for 17 to 21 days, and in a third, death occurred 
on the 20th day of aortic necrosis and hemorrhage. The blood pressures of 8 patients still had not returned 
at the time of discharge. In one there was still no change at 6 weeks when the patient was lost to follow-up. 
An additional patient died at six weeks of a ruptured aneurysm at the operative site. The remainder were 
followed and became part of the long-term study. One, with severe aortic regurgitation still has a raised 
systolic pressure. One with weak femoral pulses suggesting further study for residual coarctation has had 
a decline in the interim but he was still hypertensive, and the remaining four have normal pressures. 

Abdominal pain was also a part of this complication of the postoperative period, having occurred in 
31 per cent of the group. It was often accompanied by distension. It was not so frequent as the blood 
pressure elevations and no good relationship between the two could be established. It did not distinctly 
parallel either the height or duration of the blood pressure elevations, and often one could not distinguish 
its significance from that of routine postoperative discomforts. However, abdominal pain was prominent 
in the two hypertensive patients who died within six weeks of aortic necrosis, aneurysms, and hemorrhage. 

A comparison of the incidence of the above syndrome in the group as a whole with the 19 patients with 
normal blood pressure at discharge does not establish any striking differences. Nine of the latter (47°%) 
had delayed rises, accompanied by abdominal pain in four instances. The time of onset was the same as 
for the entire group, but in only one instance did the rise last more than six days, and obviously in all cases 
the remission would have occurred prior to discharge. It is apparent that in this group the episodes were 
less protracted. 

These experiences indicate that paradoxical postoperative hypertension is a frequent phenomencn, 
occurring almost as often among those who have a normal pressure at discharge as among those who have 
not. As such it is a cause of the well-established pattern of slow or delayed falls in blood pressure post- 
operatively, and since the rises are not infrequently protracted beyond the hospital interval, it is also a 
reason for the poor immediate “‘cure’”’ rate. The experience does not, however, confirm that it is direc ly 
instrumental in the eventual prognosis or that it is a cause of lasting hypertension. It may be indirec ly 
responsible for postoperative deaths from hemorrhage since two of the patients in the group died from 
perforations of the aorta within 2 cm. of the anastomatic site. 

Some pertinent observations are contained in the reports dealing with this problem. Benson and Sealy 2) 
in 1956 presented the protocols of two patients, and in an illuminating discussion they cited the simi ar 
experiences of Lober and Lillehei, and Perez-Alvarez and Oudkerk. Their two patients had abdomi: al 
pain, and on laparotomy gangrene of the small intestine was present in each instance. One eventua ly 
came to necropsy: profound changes had occurred in the arteries of the intercostal spaces, the diaphra; m 
and most of the abdominal viscera, especially the gastrointestinal tract, liver, spleen, and kidney. 1 1¢ 
larger vessels were the site of medial necrosis, but the smaller ones were even more extensively involv d, 
transmural cedema and eosinophilic fibrinoid necrosis being attended by an intense cellular reaction. in 
general the calibre of the major abdominal arteries tended to be small. Of great interest was the absei ce 
of similar changes in the vasculature above the site of coarctation. The selectivity of the arteritis for 1¢ 
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EFFECTS OF RESECTION IN COARCTATION 371 
rezions below the coarctation, the predisposition of the bifurcation areas, and the possible underdevelop- 
ment of the larger splanchnic vessels suggest that changes in hemodynamics after operation rather than 
ci:culating pressor substances or toxins are the cause. The distension of this underdeveloped bed by 
in-reased mean and pulse pressures may have been directly injurious. There is considerable support from 
st dies in experimental arteritis that abrupt rises in blood pressure as well as the degree of rise in experi- 
m-ntal hypertension can be responsible for necrotizing arterial lesions indistinguishable from periarteritis 
nc dosa, and that vessels protected by a clamp are spared these changes. Individual variations in suscepti- 
bi ity to these lesions are apparent even in the laboratory, and the rabbits and rats usually chosen for these 
ex Xeriments are known to develop arterial lesions with relative ease. 

In a later communication Sealy reviewed 30 operated coarctation cases (47), of whom seven had 
in mediate rises and 14 had delayed rises, accompanied in 6 by abdominal pain. He concluded that the 
in mediate type might well be due to a disturbance in the pressor receptors in aortic and carotid arteries 
w ich had been set at a high level, and clinically this event appeared to be of little significance. In the 
d« ayed type hypertension persisted from 6 to 14 days, the longest duration being in a patient who developed 
bc wel necrosis. The author points out, perhaps without sufficient qualification in view of the paucity of 
di ect supporting evidence, that the duration of the hypertension was dependent upon the severity of the 
ve scular changes. He concludes that this delayed type of blood pressure rise is not followed by any residual 
h: sertension or demonstrable vascular damage. However, a month after resection, a boy of 20 years had a 
p: :ssure of 158/80 mm., two children aged 5 and 6 of 150/90 and 150/70 mm. respectively, and a boy of 16 
or e of 140/90 mm. 

In another study the incidence of abdominal pain after operation for coarctation was studied in 73 
. tients (43): 14, divided into three groups according to the severity of symptoms were cited. Ten had 
ld abdominal pain more or less non-specific and consisting of one or more of the following: abdominal 
stension, abdominal tenderness, ileus, or vomiting. Four had similar but severer symptoms, and com- 
ised the second group. The third group also consisted of four patients, but here the symptoms were so 
vere that laporotomy was performed. Two of these had previously been reported by Lober and Lillehei, 
d they had had necrotizing panarteritis with intestinal infarction. The third had a negative exploration 
t died, as did two of our patients cited above, of aortic rupture. The fourth had only mesenteric lymph 
ode enlargement and eventually recovered. 

The latter two examples are of special interest to the present authors. In the two cases of this series 
already alluded to, death occurred from 2 to 6 weeks after operation from aortic rupture and hemorrhage. 
Careful review of autopsy slides failed to show any arteritis. In addition, three other patients who died 
from 3 to 5 days after operation showed no evidence of arteritis at necropsy. It is apparent that post- 
operative hypertension and abdominal pain can occur in the absence of necrotizing vascular lesions, and if 
the above considerations are correct these lesions are secondary to a factor that is responsible for the hyper- 
tension in this peculiar syndrome, and perhaps for the pattern of slow and protracted blood pressure 
responses following operations for coarctation generally. 

Though there is a paucity of sound experimental data pertaining to the identity of such a mechanism, 
a few points may be mentioned. It is likely that reconstruction of the aortic lumen at operation increases 
the effective outlet chamber area and reduces the tension within the chamber. The work of Heymans (31) 
has indicated that tension and resistance to stretch of the arterial wall at the location of the carotid sinus 
pressor-receptors are fundamental factors in regulating and modifying systemic arterial pressure. In a 
review of the carotid sinus mechanism, Pickering (41) cites the studies of Koch et al. which demonstrate 
that when the carotid sinus and depressor nerves are sectioned in rabbits the animals develop hypertension. 
In the dog also hypertension follows the procedure and is accompanied by increased cardiac output and 
blood flow to the limbs. Ford (5) found that after denervation of the carotid sinus in a patient for relief of 
repeated syncope, the blood pressure rose from 120/80 to 240/140 mm, and death occurred from multiple 
cortical hemorrhages. These experimental and clinical experiences suggest that blood pressure responses 
may be profoundly altered by the responses of the carotid sinus. 

Another feature of carotid-sinus-induced hypertension is its prominent vasomotor and reflexogenic 
features. In the rabbits tachycardia was always present and blood pressure could be reduced by a variety 
of dermal and tactile stimuli. The arterial pressure appeared unusually susceptible to splanchnic section, 
injection of vasoactive substances, and hemorrhage. In dogs cardiac output was increased and hypertension 
did not occur in totally sympathectomized animals. 

Although the pre-operative cardiac output was increased in a case measured by the acetylene method (22), 
this parameter is usually normal in coarctation (3); Hafkenschiel, however, found increased cerebral blood 
flow and oxygen consumption in two patients (30). In patients studied from 4 to 7 years after operation the 
cardiac index was uniformly normal (59). Two patients, ages 11 and 16 years, with postoperative pressures 
of 170/97 and 178/97 mm. soon after operation were studied in this laboratory and their cardiac indices were 
rather high, 6-3 and 5-5 1./min./m.? respectively, the peripheral resistances being normal. 

Clinical experience also appears to indicate that the postoperative hypertension is attended by a strong 
sympathetic component. Tachycardia may be present and the patient may be alert and restless and may 
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require sedation. Furthermore, these rises may be readily controlled by sympathetic blocking agents. It 
has become a practice in this hospital, and in others, to employ a ganglion-blocking agent routinely wh. re 
there is any indication that postoperative blood pressure rises are occurring, and this practice has modif 2d 
the duration and extent of the measurable rises in some of our patients. 

The foregoing considerations lead us to accept as a working hypothesis the speculations of Sealy (< 7) 
that the immediate type of hypertension may be due to reflexes from aortic and carotid pressor recepti rs 
which had been set at a high level before operation, and after it, with tension in the aortic wall reduced, m iy 
cease to act as buffers. He quotes the work of Kezdi, demonstrating that after local blockade of caro id 
receptors in hypertensive subjects, there is a pressure rise commensurate with the pre-existing levels. T jis 
mechanism might also operate to produce more protracted hypertension and in susceptible subjects und. r- 
going abrupt rises this may cause necrotizing arteritis in a splanchnic bed unaccustomed to such rises. 

The results of our remote study indicate that substantial reduction in blood pressure may continue af. er 
discharge from hospital. Since the examinations were not conducted at regular intervals it cannot be stat 2d 
when the nadir is reached. Although the difference between discharge and follow-up blood pressure {or 
the entire group was only 10/19 mm. Hg, the difference for those whose pressure was not normal at discharge 
was 19/18 mm. Hg, which is considerable when it is recalled that the initial mean reduction for the 358 
patients was only 25/10 mm. Hg. The striking difference in diastolic levels needs special comment. Mo 
doubt some of this difference is more apparent than real. In the follow-up study we have taken diasto'ic 
pressure at the point of extinction. Not only the patients with aortic regurgitation, but some without this 
lesion, had large intervals between muffling and extinction, so that low diastolic levels were recorded. 
Observers noting the point of muffling in earlier records would register a higher value. In any case, 
diastolic hypertension was present in only 2 of the total of 7 patients with persisting high blood pressure 
at the final follow-up. Moreover, these rises were modest indeed: a 4-year-old had a diastolic pressure of 
90 mm. and a 15-year-old had 84 mm. Hg, just at the +2 S.D. line. 

When possible coexisting lesions are ignored, the figure for persisting hypertension is 7 in 27 or 26 per 
cent. However, coarctation operations cannot be expected to cure the systolic hypertension of aortic 
regurgitation. Nor can it be assumed that patients with weaker femoral pulsation in whom the popliteal 
pressure was a minimum of 20 mm. less than the brachial pressure have no significant residual coarctation. 
It has been estimated that the aortic lumen must be reduced from 45 to 55 per cent before the femoral pressure 
begins to change. In five patients the difference was greater than 20 mm. Hg, whereas all the others had 
equal or greater pressures in the lower limbs: 4 of the 5 were hypertensive and the two without aortic regurgi- 
tation are the two with diastolic as well as systolic hypertension. It would seem proper in estimating the 
incidence of persisting hypertension, i.e. blood pressure outside the +2 S.D. line, to exclude those in the 
above categories, and if so the incidence does not exceed 5 per cent. A look at Fig. 10 shows that, even if 
the central 80 per cent line, the upper limit line of Master, were to be considered, only two additional patients 
would fall outside that limit. One of these was a 57-year-old man operated at the age of 55 who had at 
least one cerebral vascular episode and probably complicating arteriosclerosis and essential hypertension. 
The second was a 20-year-old boy who was otherwise well. It is apparent that the estimated “‘cure”’ rate 
would not be changed appreciably by cutting off at the line advocated by Master. 

In conclusion, one may inquire whether this study has any bearing on the possible mechanism of the 
hypertension present in coarctation. We have no direct evidence, but the high cure rate at 1- to 9-year 
follow-up and the complete absence of recurring hypertension suggest that it is a direct consequence of the 
coarctation of the aorta itself and that it can be regularly reversed when this is corrected. 


SUMMARY 


The blood pressure responses of 58 patients having an operation for coarctation of the aoria 
were studied from the immediate postoperative period to the time of discharge from the hospit:!. 
Thirty-nine of these were seen at long-term follow-up ranging from 1 to 9 years later. 

The reduction in blood pressure after operation was slow and on discharge only 33 per ce it 
had reached a normal level. The phenomenon of paradoxical rises in the immediate pos'- 
operative period is described as a contributory factor to the pattern of blood pressure respons >, 
and its significance and possible causation are discussed. 

Further blood pressure reductions were noted after discharge from hospital and in the gro p 
followed over the long-term interval persisting hypertension was uncommon when those wi h 
aortic regurgitation or possible residual coarctation were excluded. 

The mechanism of coarctation hypertension is discussed and it is suggested that the observ 4 
behaviour of the hypertension can be explained by the hemodynamic factors caused by the coa: °- 
tation itself, without invoking renal ischemia and/or increases in peripheral vascular resistance. 
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Communication between the coronary arteries and the cardiac chambers is a rare event. In tiie 
22,500 post-mortems performed at the General Hospital, Singapore, over the past decade, there 
were some 520 cases of congenital heart disease. In this material there were three examples of tis 
unusual anomaly, all occurring in infants of Chinese race. 

As about 30 cases of this anomaly have now been described, a more succinct descriptive phrase 
than “‘communication between coronary artery and cardiac chamber” seems desirable. To this 
end, the author suggests “coronary arterio-cameral fistula” (Latin: camera—a vault; hence cham- 
ber=an enclosed space in the body of an animal or plant (O.E.D.)). The term coronary arterio- 
venous aneurysm can thus be reserved for communications between the coronary artery and ihe 
coronary veins or sinus. 


Case REPORTS 


Case 1. W.T.C., a five-month-old male Chinese infant was admitted to the General Hospital, Singa- 
pore, with a history of cyanosis since birth. He was dyspnoeic and cyanosed; the fingers and toes 
were clubbed. A rough systolic and diastolic murmur was heard over the precordium. He died four 
days after admission. 

Necropsy. The lungs were noted to be congested, showing early bronchopneumonia. The heart showed 
great enlargement of the right side. The right atrium was both dilated and hypertrophied. The right 
ventricular wall was grossly hypertrophied, being 1-2 cm. thick; the endocardium was thick and white. 
The right ventricle appeared to be divided into two portions, an anterior and a posterior, by a thick muscular 
septum in the coronal plane, into the upper surface of which a normal tricuspid valve was inserted. The 
anterior of these chambers was dilated and led up into a dilated infundibulum at the apex of which was an 
almost completely stenosed pulmonary valve (Fig. 1). The pulmonary artery was rather smaller in calibre 
than usual. There was a large patent ductus arteriosus. The left ventricle was normal in morphology, the 
wall being 0-8 cm. thick. There was a probe-patent foramen ovale. 

Arising from the left posterior aortic cusp was a thick-walled coronary vessel (“‘A’’), 2:0 cm. in circum- 
ference, which proceeded towards the apex, along the interventricular septum, for some 2-0 cm. (Fig. | 
and 2). At this point, there was a constriction reducing the vessel circumference to 0-5 cm. Beyond the 
constriction the main vessel regained its former size, and, at once, gave off two smaller branches, which 
coursed laterally for 1-0 cm. and 0°8 cm. respectively to enter the infundibulum of the right ventricle. Te 
openings of these smaller vessels into the larger were much smaller than their lumina. 

The main trunk continued towards the apex for another 1-5 cm., turning laterally for 1-0 cm. bef: re 
dividing into two, both branches, 0-8 cm. long, terminating in the right ventricular cavity. At the low st 
point of this main trunk, a smaller branch ran for 1-8 cm. towards the apex and there divided into to 
branches; one, entering the substance of the interventricular septum was observed to communicate ever 
ally with the right ventricular cavity; the other continued along the surface of the interventricular sept 
to the apex. 

From the anterior aortic sinus, a right coronary vessel coursed in the right atrio-ventricular gro: ¥ 
(Fig. 2). This gave off, at once, a small ventricular branch, then 0-5 cm. from the ostium, a small at al 
branch. There was a further ventricular branch; then the main trunk divided into two. The sma er 


ao 


vessel continued normally in the atrio-ventricular groove, the larger (vessel ‘“‘B’’), turning a right an’ e, 


ran for 1-0 cm. over the right ventricle before disappearing into the right ventricle. 
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Histology. Vessel ‘“‘A’’ showed a slight increase in the medial muscle, splitting of the internal elastic 
lariina, and a great increase in the amount of the medial elastic tissue. Passing through the heart wall, the 
media was rapidly lost, the intima and internal elastic lamina becoming continuous with the endothelial 
he irt lining. 

A section was taken through vessel ‘‘B”’ as it entered the right ventricle (Fig. 3). The vessel wall was of 
no-mal thickness. The intima was slightly thicker than normal. The internal elastic lamina was intact; 
th: external was split and greatly reduplicated. There appeared to be more elastic and fibrous tissue in the 
media than normal, the amount of muscle being correspondingly diminished. As the vessel neared its 
te1 mination the sub-intima became much thicker, moderate amounts of loose connective tissue making their 
ap earance. The internal elastic lamina became increasingly frayed, although still discernible as an entity. 
Tie medial coats became much thicker, containing even larger amounts of elastic tissue and diminishing 
an ounts of muscle. Within the cardiac muscle the vessel wails rapidly diminished in size, the media dis- 
ar searing after an intramuscular course of some 0:2 cm. The intimal layer continued as an endothelium 
lir 2d channel which communicated freely with the right ventricle. The wall of this channel showed con- 
sic erable amounts of elastic tissue. The elastic tissue was most prominent at either side of the opening of 
th: fistulous vessel into the ventricle, at that part of the ventricle opposite the point of debouchement of the 
at 1ormal vessel (Fig. 4), and to a lesser extent at the junction of the inter-trabecular sinuses with the ven- 
tricular lumen (Square Y in Fig. 3). 





Fic. 2.—Case 1. Drawing of the un- 
opened heart, showing the anom- 
alous left and right coronary vessels 
(‘A” and “B” respectively), the 
aorta (AO), the small pulmonary 
artery (PA), and the right ventricle 
(RV). 





Fic. 1.—Case 1. The stenosed pulmonary valve (SPV) and pulmonary 
artery (PA) lie between the aorta (AO) and the beginning of the 
wide anomalous left coronary artery “A”. Three of the sites of 
fistula are seen: the white plastic rod lies in the centralone. Note 

the thick wall and the septum across the right ventricle (SRV). 
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Fic. 3.—Case 1. Section through the right ventricular wall, showing the fistula between vessel “‘B”’ and 
the ventricular lumen. Note the increased elastic tissue in the terminal portion of the artery. 
(Verhoeff—-van Gieson, x 6.) 


There were numerous deep sinuses in the myocardium, easily distinguishable from arteries and veins 
several of which almost reached the epicardium. The endocardium of the right ventricle showed well-marked 
fibro-elastosis, in addition to the prominent aggregations of elastic tissue noted above. In a few places the 
cardiac muscle deep to this fibro-elastic layer showed incipient necrosis, and several small islets of muscle 
fibres sequestrated by fibrous tissue were noted. 


Case 2. C.C.K., a two-month-old Cantonese boy, was admitted to the General Hospital, Singapore. 
The child, it was claimed, had never been well since birth, and in particular, was noted to become 
dyspneeic after meals. From time to time he had bouts of coughing and vomiting. 

On admission there was cyanosis of the lips and fingers. A loud systolic murmur, which was heard 
all over the chest, seemed maximal in intensity at the mitral area. The liver was palpable one finger- 
breadth below the costal margin. The child died five days after admission. 

Necropsy. The right atrium was slightly dilated. The interatrial septum showed three defects, each 
about 0-8 cm. in diameter. The tricuspid orifice was rather small measuring 0-6 cm. across; the tricuspid 
valve leaflets were normal. The right ventricular cavity was very small, the wall being 0-9 cm. thick. There 
was a pulmonary valvular atresia, the outlines of the fused cusps being clearly visible. The lungs were 
supplied via a large patent ductus arteriosus. 

The left ventricle and left coronary artery were normal. The right coronary artery began at the ap 
of a funnel-shaped aneurysmal dilatation of the anterior sinus of Valsalva. This measured 0-9 cm. acre; 
at the beginning, tapering over a distance of 0-8 cm. to a diameter of 0-4 cm. 

For the first centimeter the vessel travelled in the right atrio-ventricular groove, then broke up into fo 'r 
branches. The first supplied the infundibular heart muscle, the second (Fig. 5, vessel ‘‘C’’) coursed towar 's 
the apex for 1-3 cm. and then disappeared into the myocardium to enter the right ventricle by a minu e 
opening through which a nylon suture could just be insinuated. The third branch gave off two sm: !l 
muscular twigs, while the fourth continued normally in the atrio-ventricular groove, giving off a long px - 
terior descending branch and two smaller muscular branches to the posterior aspect of the left ventricle. 

At the apex, towards the right of the septum a small vessel 0-3 cm. in diameter appeared suddenly throu h 
the muscle to course tortuously for 1-0 cm. along the left heart border. At necropsy, this artery was thou; it 
to arise from the apex of the right ventricle but this connection could not be demonstrated conclusive y 
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Histology. By serial section it was possible to trace a direct connection between the ventricular lumen and 
the small coronary vessel “‘C”’ (Fig. 5). The artery continued its course within the heart muscle for some 
0:2 cm. before losing its medial coat. This intracardiac 
po tion of the media contained very much more dense 
elcstic tissue than was seen in the extracardiac media. 
Ti: intimal layer continued, to line the fistula, which 
te: ninated at the head of a moderately large intertra- 
be ular sinus, thus establishing direct continuity with the 
lu 1en of the ventricle (Fig. 5). Beneath the endothelial 
lin ng of the fistulous channel there was a small amount of 
fit ous and elastic tissue, which increased considerably at 
th point of junction with other sinusoids. The elastic 
tis ue was always represented by a thin unbroken line just 
ur ler the endothelium, and where elastic fibres were present 
n ncreased numbers they lay outside this lamella. 

From a study of the sections on either side of that 
de victed in Fig. 5 it appeared that numerous sinuses com- 
m inicated with the fistula at various points along its course 
al nough it is probably true to say that the one depicted was Fyg. 4.—Case 1. Square “X” in Fig. 3. 





th: major or thoroughfare channel. Nevertheless it seems Shows the great increase in elastic tissue 
likely that the amount of blood entering the ventricle is > re ane wenn — 
limited only by the dimensions of the coronary artery, and 0 pee eee ee eee 


: channel. The underlying muscle shows 
nct by the apparent smallness of size of any one channel. incipient necrosis. (Verhoeff-van Gieson, 


x 150.) 

Case 3. Mdm. Y.G.S., a Teochew, was admitted to the 
Kandang Kerbau Maternity Hospital, Singapore, and delivered of twins the next day. The second twin 
was normal; the first, who weighed 3 lb 12 oz., was stillborn. 

Necropsy. The heart was of normal size. The right atrium was rather small. There was a very large 
atrial septal defect 1-5 cm. in diameter. The tricuspid opening was represented by a rigid fibrous ellipse, 
5-0 mm. x 3-0 mm., to which rudimentary valve leaflets were attached. The right ventricle was very small, 
1-5 cm. xX 1-5 cm. x 1:5 cm., and thick-walled (1-3 cm.): the left was much enlarged (2:5 cm. x 2:0 cm. x 
1-5 cm.) and showed moderate fibroelastosis. There was complete atresia of the pulmonary valve. The 
lungs were supplied by a small patent ductus arteriosus. 

From the anterior aortic sinus, a single large coronary vessel (Fig. 6, “‘D’’) arose to pass for 1-3 cm. in 
the right atrio-ventricular groove. At this point the vessel wall became much thicker and the lumen wider, 
the vessel turning abruptly at right angles to course over the surface of the right ventricle for 1-0 cm. before 
entering the cavity of the right ventricle by a circular opening 4 mm. across (Fig. 6). 

From the aneurysmal bulge, a small branch continued normally in the A-V groove giving off descending 
branches to the posterior aspect of the ventricles. 





Fic. 5.—Case 2. On the right, a dense black band of elastic tissue marks the point 
of entry of vessel ““C”’ into the myocardium. There is very rapid narrowing into 
a sinusoidal channel which is seen to open into the lumen of the right ventricle on 
the left. (Verhoeff—van Gieson, x 6.) 
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On the surface of the heart anteriorly, 2-0 cm. from the atrio-ventricular groove in the region of tt 
interventricular septum, a coronary vessel (“‘E”’) arose de novo (Fig. 7). The vessel proceeded towarc 
the left atrio-ventricular groove curving gently upwards, giving off towards the apex three ventricul 
branches, and ending over the left atrium. It did not appear to communicate with any other vessel. 

Histology. Vessel ‘“‘D” (Fig. 6) showed moderate thickening of the subintima. Near the aorta the med 
was normal, but between the aneurysmal bulge and the point of entry of the artery into the heart, the amou 
of muscle slowly diminished as the depth of the subintima increased. The internal elastic lamina was sp 
and fenestrated throughout. 

Unfortunately the angle of cut was not favourable, so it was not possible to demonstrate direct co 
tinuity in the same plane, between vessel ‘‘E”’ (Fig. 7) and the left ventricular cavity. However, seri 
sections showed a direct communication between several fairly large endothelium lined sinusoids and t! 
anomalous artery. 

Initially, as they opened into the left ventricular cavity, the sinuses were lined by endothelium, but 


they linked up within the heart muscle, they gradually acquired a considerable amount of supporting tissu_. 
At first, there appeared increasing numbers of stellate fibrocytes between the endothelium and the usu: | 
subjacent thin elastic lamina, which assumed the character of an internal elastic lamina. More and mo:e 
elastic fibres appeared without it, mingled with increasing numbers of collagen fibres (Fig. 8 and %.. 








Fic. 6.—Case 3. The heart viewed from behind. Fic. 7.—Case 3. On the anterior surface of the 
Arising from the anterior aortic sinus a single heart the anomalous vessel “E” is seen to 
large coronary artery (‘‘D’’) is seen to termi- arise de novo to run over the upper half of the 
nate, after an abrupt turn, by entering the left ventricle towards the left atrium. A plastic 
cavity of the right ventricle. A small branch is rod is seen in the anterior coronary sinus, from 
seen to continue in the right atrio-ventricular which vessel ““D”’ originates. 


groove. 
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Fic. 8.—Case 3. Shows two sinusoids that have acquired a considerable amount of supporting 
tissue, mainly elastic and fibrous, about to join up within the left ventricular wall. Note that 
although that on the left has a fairly thick wall on the upper half of the photomicrograph, the 
lower wall is still that of a sinusoid. (Verhoeff—van Gieson, x 45.) 


Fic. 9.—Case 3. Shows the presence of an Fic. 10.—Case 3. Shows vessel “E” just below the epicardium, 
internal elastic lamina, with surrounding col- before emerging on the surface of the heart. Serial section 210 
lagen and elastic fibres (Verhoeff—van Gieson, (Verhoeff-van Gieson, x 45). 

x 500). 
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Williams et al. (1951) entitle an appearance similar to that of Fig. 8 (their Fig. 3a) “‘emptying of a sinusc d 
...into the orifice of the anomalous coronary vessel.” Gradually muscle fibres appeared, increasi g 
rapidly in number as the vessel reached the surface (Fig. 10). Once on the surface of the heart, ves 2] 
“*” (Fig. 7) appeared to be indistinguishable from any other small artery. 


COMMENT 

The three cases described, although in general similar to other such fistula, are in other respe 
unique. In Case 1 there was not only a fistula, with at least four channels, from the left coron: 
artery into the right ventricle, but there was also another from the right coronary artery into | . 
same chamber. No similar case has been described. 

In Case 2 there were no unusual features apart from the small vessel that appeared sudde: ‘y 
through the muscle of the cardiac apex. Despite the failure to show communication between ti i 
artery and the ventricular lumen, there is little doubt that it did so, particularly in view of the findir 2s 
in vessel “C” (Fig. 5). 

Case 3, in addition to the right coronary artery-right ventricular fistula, showed the extraordina -y 
vessel ““E” (Fig. 7) which seemed to sprout from the anterior surface of the heart, and which 
proved to have sinusoidal communication with the left ventricular chamber. Williams ef «/. 
(1951) also describe a vessel that arose de novo from the heart muscle, but this channel, which 
contained no muscle, communicated with the posterior descending and left circumflex arterics, 
Vessel “E” was quite autonomous, not anastomosing with any other vessel. It is not unlikely 
that this artery represents an attempt to compensate for the lack of a left coronary artery, par- 
ticularly when so much of the right coronary flow was diverted into the right ventricle. 


mn 
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PATHOLOGY 

The anomaly is not confined to man alone. Some five examples have been encountered in 
cattle, the first recorded being that of Reid (1922). The animal, a healthy three-year-old ox had, 
on the day of its demise, walked } mile from the farm to the abattoir. On examination of the 
heart, a thin-walled abnormal vessel was observed to arise above the anterior cusp of the aortic 
valve, passing forward between left atrium and pulmonary artery, giving off a circumflex branch, 
and continuing along the interventricular septum to the apex, when it dilated into a roughly conical 
cyst-like structure, 7 cm. broad at the base, and 6 cm. long, the cyst wall being thinner than that of 
the vessel. The cyst communicated directly with the cavity of the left ventricle by a circular aper- 
ture 3-5 cm. across, part of which was filled in by a fibrous tissue diaphragm, the width of the 
actual opening being 1-5 cm. Histologically the abnormal vessel showed a normal endothelium, a 
well-marked internal elastica and a variable amount of muscle. The so-called cyst showed a 
thickened endothelial lining, a little muscle, and loose connective tissue, comparable with the human 
case of Lovitt and Lutz (1954). Substantially similar cases have been reported by Schéndube (192?) 
and Rubli (1933). The latter author cites a further two cases. 

In man, the following communications have been observed. 

Between right coronary artery and right atrium (Harris, 1937; Colbeck and Shaw, 1954; Johnson, 195¢ 
Morrow, 1958; Edwards et al., 1958). 

Between right coronary artery and right ventricle (Wilson and Grant, 1925-26; Grant, 1926 (6); Espir 
Vela et al., 1951; Williams et al., 1951; Lovitt and Lutz, 1954; Herbst and Michel, 1957; Walther et a: , 
1957; Gasul et al., 1958; Gasul et al., 1959 (two cases)). 

Between left coronary artery and right ventricle (Alexander and Green, 1952; Sondergaard, 1955; Da\ 
et al., 1956; Neill and Mounsey, 1958; Munner et al., 1958; Schultz, 1958). 

Between left coronary artery and right atrium (Garomella, 1958; Bosher, 1959). 

Between left coronary artery and left atrium (Mozen, 1956; Kittle, 1959). 

Between left coronary artery and left ventricle (Blakeway, 1918). 

There are a few cases whose precise classification is open to question. Gasul et al. (1959) diagnos 
the anomaly clinically in a seven-month-old male infant. This was confirmed by venous angi: - 
cardiography and cardiac catheterization. The site of fistula was not mentioned. 

Trevor (1911) described an 11-year-old girl admitted to hospital with streptococcal septicemi . 
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Or admission there was a rough systolic murmur and thrill. Some five days before death another 
to.and-fro “‘scratchy’”’ murmur, of maximal intensity over the tricuspid area, was heard. At 
ne-ropsy there was a fusiform thin-walled aneurysm of the descending branch of the right coronary 
ar’ 2ry, Situated within the muscle of a very thick-walled right ventricle. The coronary artery leading 
to this was very dilated, being 1-25 cm. in diameter. On the anterior wall of the aneurysm there 
w: 3 an opening 0-6 cm. across leading to the cavity of the right ventricle, the edges of which were 
ro igh, and the surrounding endocardium ulcerated. Although this case could be included as 
an example of a communication between right coronary artery and right ventricle, it seems not 
un ikely that the communication in the aneurysm was due to the bacteremia. 

The case of Valdivia et a/. (1957) is in some respects similar. They describe an extraordinary 
an-‘urysm 17 cm. X 23 cm. X 24 cm. situated on the postero-lateral aspect of the left ventricle. 
TI is communicated with a tortuous dilated right coronary artery, and with the right atrium by an 
or fice 0-2 cm. in diameter. As the patient, a 25-year-old woman, was known to have had a heart 
m .rmur from the age of six, the aneurysm was held to be congenital in origin. Whether the fistula 
wis secondary is open to question. 

Essenberg (1950) describes an anomalous branch of the left coronary artery in a 22-week-old 
human foetus. In essence, three vessels arose from the left posterior aortic sinus. One branch, 
wi ich he terms the “‘circumflex”’, passed directly towards the left atrium, penetrated the left atrial 
w: ll, entering that chamber close to the septum primum, to ascend on the medial wall for 4-5 mm. 
be ore once more piercing the left atrial wall close to the base of the pulmonary artery. It then 
passed towards the right atrium, in which chamber it probably terminated. 

Steinberg et al. (1958) were able to demonstrate a fistula in a 13-year-old girl by angiography, 
but could not be certain where it ended. Cooley and Sloan (1956), on angiography, displayed an 
arieriovenous fistula that probably involved the right coronary artery of a 10-year-old boy. 

On occasion the fistula may not involve the coronary arteries at all. Brown and Burnett (1949) 
found that in addition to a normal left coronary artery, there arose from the left posterior aortic 
sinus, an abnormal endothelium lined tract which extended to the chamber of the right ventricle. 
This channel was 0-5 cm. across at its narrowest point, and passed beneath the pulmonary artery 
to the right of the left coronary artery. 

Edwards (1958) separates arteriovenous-like communications of the coronary arteries into two 
groups. In the first (or secondary type) there is always an associated congenital atresia of either 
the aortic or pulmonary valve, in the presence of an intact ventricular septum and a competent 
corresponding atrio-ventricular valve. It is Edward’s thesis that under these circumstances blood 
entering the ventricle proximal to the atretic valve is unable to escape in either a forward or back- 
ward direction. Thus trapped, it is driven from the ventricle through myocardial sinusoids towards 
the epicardium, where the sinusoids converge to form a gross vessel which unites with branches of 
the coronary arteries. While this may be true in the heart described by Williams et al. (1951) it is 
very doubtful whether this mechanism was operative in Case 3. Although there was a complete 
pulmonary valve stenosis, it is very doubtful whether the minute tricuspid leaflets attached to a very 
firm A-V ring could be described as competent. Certainly in the post-mortem specimen the 
leaflets, although morphologically normal, were very taut and could not be approximated. Indeed, 
Edwards (1958) gives as a type example for this group the case of Blakeway (1918). While in this 
latter specimen there was complete aortic valve atresia, an intact interventricular septum, and a 
communication between the left coronary artery and the left ventricle, there was a gross abnormality 
of the mitral valve. 

To quote Blakeway (1918), “the left ventricle ...is of approximately normal size, and has a 
well-developed muscular wall; but in almost all other respects it is a highly abnormal chamber. Its 
upper sixth part is partially separated from the rest by a prominent oblique muscular ridge... 
columne carnez, though small, are prominent features of the ridge and of the upper subdivision of 
the cavity: certain of them are developed into musculi papillares, which have attached to them the 
chorde tendinee belonging to the two tiny cusps of the mitral valve . . . in the lower subdivision the 
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” 


endocardium is smooth....” In the light of this one wonders if the valve was, in fact, compete 1t. 

Edward’s second group, in which there are no associated cardiac defects, embraces not o ly 
arterio-cameral fistulae but also anomalous communications between coronary artery and 4e 
pulmonary trunk, as well as anomalous origin of one coronary artery from the pulmonary arte ‘y. 
As he rightly points out, such anomalies have one feature in common: they give rise to shu: :s, 
and it is the size of the shunt which determines the degree of cardiac embarrassment. 

Most cases have shown some dilatation of the abnormal vessel. This may be generaliz d, 
affecting the entire length or a major portion of the vessel (Harris, 1937; Espino Vela et al., 19 1; 
Williams et al., 1951; Davis et al., 1956; Herbst and Michel, 1957), or it may be confined ti a 
segment, the resulting aneurysm being, as a rule, fusiform. Both generalized and aneurys: :al 
dilatation may be found in the same vessel (Colbeck and Shaw, 1954). The focal aneurysm n ay 
be found at any point along the artery. The abnormal vessel usually lies just under the ¢ pi- 
cardium, but a portion of its length may be found within the ventricular muscle (Blakeway, 19/8). 

Some writers have considered the concomitant aneurysm, rather than the arterio-cameral fistula, 
to be the primary lesion (Lovitt and Lutz, 1954; Mozen, 1956). This is understandable if there is a 
fistulous opening in the aneurysmal wall, as in the cases of Valdivia et al. (1957) and Edwards e7 al. 
(1958), but most authorities would agree with Plachta and Speer (1958) who believe that a uniform 
vascular ectasia secondary to an anomalous coronary artery fistula should not be regarded as an 
example of a coronary artery aneurysm. 


HISTOLOGICAL FINDINGS 


The “abnormal” vessel may on section prove to be indistinguishable from the normal coronary 
artery (Blakeway, 1918; Davis et a/., 1956). Usually there is a defect in one or more coats, generally 
the elastic lamine: these may be fragmented (Edwards et a/., 1958) or reduplicated (Harris, 1937). 
Often the microscopic appearances have been obscured by atheroma and calcification. Destruction, 
absence, or diminution in the amount of the medial muscle are common findings. 

Williams et a/. (1951), on serial sectioning, showed direct continuity by sinusoidal connection 
between the lumen of the right ventricle and the lumen of the anomalous vessel. “As the zone of 
transition from sinusoids to vessel was reached, a gradual thickening of the fibro-elastic layer 
occurred pari passu with gradual addition of an outer collagenous layer (Fig. 8, 9, and 10). In 
this vessel, however, no muscle was demonstrated. 

The histological findings in the present, and other, cases appear to confirm the views of Grant 
(1926b) who related the case of a 14-month-old girl with pulmonary valve atresia. The right atrium 
was much enlarged, the tricuspid valve showing two deformed curtains. On the upper aspect of 
the heart, beneath the right atrial appendage, a small firm, rounded nodule, 6 mm. in diameter, was 
seen beneath the pericardium. The ventricular wall in this region was very thick, containing much 
fibrous tissue and many blood-filled spaces. The coronary vessels were normal. Reconstructicn, 
after serial sectioning, showed that the nodule communicated with the coronary arteries, the enlarged 
trabecular sinuses, the veins, and the capillaries, as well as with the ventricular lumen. His!o- 
logically, there was a condensation of elastic tissue beneath the endothelium lining the intr- 
muscular sinuses (Fig. 3, 5) forming an internal elastic lamina, beneath which, in several plac: s, 
there were small amounts of smooth muscle. 

Grant, by virtue of his work on the embryology of the coronary vessels (Grant, 1926 ), 
and later on the Thebesian veins (Grant and Viko, 1930), thought that such anomalies represent d 
persistence of the intra-muscular sinusoids found in the developing heart. Normally there is pi >- 
trusion of endothelium-lined sinusoids from the cavity of the developing ventricle, which join 
with inter-trabecular spaces. The outer trabecular spaces, initially large and extending to | 
epicardium, by virtue of development of the heart muscle become narrowed into capillaries, which: it 
a later date link up with the developing coronary arteries and veins. The inner intertrabecu ir 
channels retain their continuity with the lumen of the heart becoming the Thebesian vessels. 
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While in those hearts with atresia of either of the outflow valves there is likely to be an increase 
in the intra-ventricular pressure tending to keep the sinusoids open, this does not account for the 
genesis of primary fistula. The only case for which a definite etiology has been suggested, is that of 
Sc aultz (1958): the mother of his patient was known to have had a severe attack of rubella in the early 
mcnths of pregnancy, and the child was noted to be blind in the right eye when four weeks old, 
th heart lesion being noticed at the age of three years. 


DIAGNOSIS AND TREATMENT 


Although arterio-cameral fistula may involve differing chambers and arteries there is a remark- 
ab e similarity in the physical signs. There is usually a harsh precordial murmur, which has been 
de cribed as continuous (Munkner ef al/., 1958; Edwards et al., 1958); machinery-like (Brown and 
Bi rnett, 1949; Davis et al., 1956); as having a “‘peculiar superficial quality” in late systole and 
m. ximal in early diastole (Steinberg et a/., 1958; Neill and Mounsey, 1958); or as loud andcontinuous 
to and-fro with systolic accentuation, best heard at the pulmonary area (Mozen, 1956), or Hin-und 
H.r-Gerausch (Herbst and Michel, 1957). Generally the murmur is best heard, and the associated 
th ill felt, in the fourth and fifth left intercostal spaces between the sternal border and cardiac apex. 
It nay, however, be most prominent at the pulmonary area (Davis et al., 1956; Mozen, 1956). 

It is noteworthy that this murmur has been considered by most clinicians to be that of a 
patent ductus arteriosus, if not entirely typical. The differential diagnosis includes aortico-pul- 
monary septal defect, rupture of an aneurysm of the aortic sinus, ventricular septal defect with 
aortic regurgitation, or an anomalous communication between aorta and right ventricle such as 
that described by Brown and Burnett (1949). 

Nearly all patients with a sizeable shunt, in addition to a systolic murmur, have a diastolic 
murmur, the localization of which corresponds fairly well to that of the arteriovenous communica- 
tion (Shultz, 1958). A diastolic murmur was not heard in the case reported by Trevor (1911) 
until the shunt had formed, and proved to be localized to the shunt site. 

The electrocardiogram has been normal (Davis et al., 1956; Schultz, 1958; Mozen, 1956; 
Steinberg et al., 1958), difficult to interpret (Edwards et a/., 1958), or has shown bundle-branch 
block (Espino Vela et al., 1951; Colbeck and Shaw, 1954). 

Cardiac catheterization has suggested a high ventricular septal defect (Davis et al., 1956; Munk- 
ner et al., 1958). Schultz (1958) correctly interpreted the findings in his case as indicating two 
shunts, one from the aorta to the pulmonary artery (patent ductus arteriosus) and the other from 
the left to the right ventricle (the abnormal vessel). Aitken (1959) was able to diagnose an arterio- 
venous fistula, in a patient with clinical findings essentially the same as those of an arterio-cameral 
fistula, by the raised oxygen content of the blood in the coronary sinus. The abnormal vessel has 
been demonstrated by angiography (Steinberg ef a/., 1958; Neill and Mounsey, 1958) and by 
retrograde aortography (Morrow, 1958; Munkner ef a/., 1958; Gasul et al., 1959). 

Once infancy is passed, the entity need not be serious. Survival to the age of 80, before the 
advent of signs of heart failure, has been recorded (Colbeck and Shaw, 1954). In the 37-year-old 
man seen by Harris (1937) death was due to a sudden hemorrhage into a brain tumour, the 
arterio-cameral fistula being quite unsuspected in life. Herbst and Michel (1957) remark that 
their 8-year-old patient who, in addition to a fistula between right coronary artery and infundi- 
bulum of the right ventricle, exhibited Fallot’s tetralogy with valvular pulmonary stenosis, was, 
despite prognostications that she would never walk, “wild und unruhig.” 

It seems reasonable, however, to attempt to obliterate the fistulous vessel, especially in the young, 
to avert subsequent possible heart failure or bacterial endocarditis. Schultz (1958) dissected free 
the afferent artery to the aneurysmal swelling, then clamped it, watching the electrocardiogram 
and the myocardium for a further ten minutes: as nothing untoward occurred, the vessel was 
ligated and the aneurysm obliterated by silk sutures tied over gelatine sponge. Herbst and Michel 
(1957) were not so fortunate: after correcting a valvular pulmonary stenosis and exploring with 













































eet & FN 


384 C. S. MUIR 


the fifth finger the point of entry of the abnormal vessel into the anterior wall of the infundibulu a, 
they proceeded to tie off the abnormal channel: the heart soon stopped, and was only persuac :d 
to restart after considerable manipulation. They felt that this arrest of the cardiac action mig 1t 
have been due to muscle anoxia, as the abnormal vessel had one small branch that supplied 1 ie 
infundibulum. Their patient eventually made a good recovery. Davis et al. (1956) removec a 
small segment of the artery; Morrow (1958) and Mozen (1956) closed the vessel at the point of 
entry into the atrium; and Johnson (1956) occluded it by multiple sutures. 


SUMMARY 


Three cases of communication between coronary artery and heart chamber are described, al! in 
Chinese children. The cases of this anomaly that have been reported are classified, and te 
histological findings are discussed in the light of these and of theories of the etiology. 

Diagnosis and treatment are briefly reviewed and the name “‘arterio-cameral fistula” is suggested 
to differentiate this lesion from other arteriovenous communications of the heart. 


I wish to thank Professor R. Kirk for kind help and encouragement, Drs. T. Balasingham, E. B. La’Brooy, aad 
Ng Chiau Gian for access to their post-mortem notes and material, Mr. V. M. Chacko for the sections, Mr. V.Nalpon 
for the photographs, Mr. Ti Teow See for the drawing, and Mr. P. A. Samuel for typing the script. 
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At the present time a variety of methods is available for the closure of atrial septal defects; these 
in lude closed techniques, semi-open procedures utilizing an atrial well, and open repair with the 
aii of either general hypothermia or extracorporeal circulation. Since approximately 15 to 
20 per cent of patients with atrial septal defect have associated partial anomalous pulmonary venous 
driinage into the superior vena cava or right atrium (Kirklin ef a/., 1956 and Gilman et al., 1957), 
its pre-operative recognition is desirable in the intelligent selection of patients for operation and 
in planning the surgical procedure itself. Detailed anatomical and physiological assessment is 
pacticularly important if extracorporeal circulation is not employed routinely in the closure of 
atrial septal defects. 

The information derived from the clinical examination, electrocardiogram, roentgenogram, 
angiocardiogram, and usual cardiac catheterization studies has been found to be of relatively little 
vaiue in determining the site of drainage of pulmonary veins. In the course of the cardiac cathe- 
terization, the catheter may frequently be manipulated into one or more pulmonary veins, but even 
the position of the catheter as determined by fluoroscopic examination is not usually decisive, since 
it may be impossible to determine whether or not it has traversed the defect before entering the 
pulmonary vein. 

The indicator dilution curve, obtained from a peripheral artery after injection into a pulmonary 
vein, makes possible the precise determination of the drainage path of the vein. The basis for 
this diagnostic approach has been described in reports by Swan et al. (1953 and 1957) and 
Swan and Wood (1957), and from this clinic (Grant et al., 1957; Baker et al., 1958; Braunwald 
et al., 1958). Following the injection of an indicator into a pulmonary vein that drains 
normally into the left atrium, the arterial dilution curve closely resembles the curve obtained 
following left atrial injection, in respect to both appearance time and contour. If, on the other hand, 
the vein drains into the right atrium or into a systemic vein, the dilution curve will resemble that 
obtained following right atrial injection. It is the purpose of this communication to present the 
results of the application of this technique in 29 patients with atrial septal defect in whom the site of 
drainage of the pulmonary veins was subsequently confirmed at open operation. The operations 
were performed under direct vision with the aid of extracorporeal circulation in all but two patients 
in whom general hypothermia was utilized. 


METHODS 


The patients studied ranged in age from 3 to 34 years. The presence of a left-to-right shunt 
entering the right atrium was indicated by a positive nitrous oxide test in each patient (Morrow et al., 
1958). Group I consists of 18 patients with ostium secundum atrial defects, normal drainage of all 
pulmonary veins and only a left-to-right cardiac shunt. Group II consists of 6 patients with 
interatrial communications with normal drainage of all pulmonary veins but with a significant right- 
to-left shunt at the atrial level. Included in this group are two patients with uncomplicated ostium 
2D 385 





































eat ¢ ruts, 


386 BRAUNWALD, LOMBARDO, AND MORROW 


secundum defects, one with pulmonary stenosis and atrial septal defect, and one with bc h 
atrial and ventricular septal defects associated with pulmonary hypertension. One patient h d 
Ebstein’s anomaly of the tricuspid valve with a bidirectional atrial shunt and the six 4, 
previously operated upon at another hospital, had had the inferior vena cava inadvertently diver: :d 
into the left atrium when an ostium secundum defect was closed. In Group III are 4 patients w io 
had sinus venosus atrial septal defects with drainage of the right upper and/or right middle lc e 
pulmonary veins into the superior vena cava and right atrium, but no right-to-left shunt at 1¢ 
atrial level. One patient, Group IV, with a sinus venosus defect and partial anomalous pulmon: ry 
venous return as in Group III, had an associated right-to-left shunt at the atrial level. 

Dye was injected, as rapidly as possible, into the pulmonary veins which were entered at the ti .e 
of right heart catheterization, as well as into each atrium. Either tricarbocyanine dye (Fox et «/., 
1956) or indigo carmine (Lacy et al., 1955) was employed as the indicator. Dilution curves w: re 
recorded by withdrawing systemic arterial blood at a rate of 20 ml. a minute through a cuve:te 
densitometer (Gilford et al., 1953) by means of a motor-driven syringe. The volume of the tubiag 
between the arterial needle and cuvette was 0-4 ml. and the volume of the cuvette itself was 0-3 ml. 
The response of the densitometer to a sudden change in density is 95 per cent in one second aiid 
over 99 per cent in two seconds (Sabiston et a/., 1957). Since only the appearance time and contour 
were analysed, the curves were not calibrated. The appearance times were corrected for the delay 
between the arterial needle and densitometer. 

In several of the patients dye was injected into two or more pulmonary veins. When all of these 
drained normally (Groups I and II) there were no significant differences in either the contours or 
appearance times; the averages of the latter are presented below. In Groups III and IV the results 
presented relate to the indicator dilution curves following injections into the anomalous veins. 


RESULTS 


Group I (Atrial septal defect (ASD) with normal pulmonary venous drainage). The dilution curves 
following left atrial and pulmonary venous injections exhibited relatively rapid appearanee times ranging 
from one to six seconds. The appearance times of dye in the arterial blood following pulmonary vein 
injection were on average 0-2 sec. greater than the appearance times following left atrial injection; the 


difference in appearance times did not exceed 1-0 sec. (Fig. 1). However, the appearance times following 


right atrial injection were 2-5 to 6-0 sec. longer than following pulmonary vein injections, and the difference 
in appearance times averaged 3-8 seconds. The dilution curves following both left atrial and pulmonary 
venous injections were characterized by a distinct interruption of the descending limb, signifying a left-to-right 
shunt (Callahan et al., 1955; Braunwald et al., 1957; and Swan and Wood, 1957b). Curves obtained afier 
right atrial injection had a more gradual ascending limb, and usually a less distinct interruption of the 
prolonged descending limbs (Fig. 2 and 3). 

Group II (ASD, bidirectional or right-to-left shunt, normal pulmonary venous drainage). The appear- 
ance times of dye in the arterial blood following pulmonary vein injection exceeded the appearance times 
following left atrial injection by an average of 0-5 sec. with a maximum difference of 1-6 seconds. In co.- 
trast to the patients in Group I, in these patients with associated right-to-left shunts, the appearance tim2s 
were similar following right atrial and pulmonary venous injections; the average difference was 0:3 sec. and 
the maximum difference was 1-5 sec. (Fig. 4). However, the contours of these curves differed striking y. 
Right atrial injections resulted in curves with an early initial peak representing that dye that shunted fren 
right to left; this initial deflection was followed by the peak representing the dye that had taken the norn 21 
path through the pulmonary circulation. This in turn was followed by the prolonged descending lir b 
indicative of the left-to-right shunt. In contrast, the curves recorded after left atrial and pulmonary venc !s 
injections resembled those obtained from patients in Group I and had a large initial peak followed by n 
interruption of the descending limb (Fig. 2 and 5). 

Group III (Sinus venosus ASD, anomalous drainage of right pulmonary veins). When dye was injec‘ d 
into the left atrium it appeared in the peripheral artery 3-0 to 4-3 sec. earlier (average 3-6 sec.) than follow .g 
injections into the anomalous pulmonary vein. In contrast with the findings in Group I the appearance tin 2s 
following injection into the anomalously draining pulmonary vein differed less than 1-5 sec. from th: se 
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1.—Difference in the appearance times of dye in 

the arterial blood following left atrial (L.A. to 
Art.) and pulmonary vein (P.V. to Art.) injections 
and of right atrial (R.A. to Art.) and pulmonary 
vein (P.V. to Art.) injections in patients in Group 
I, with ASD and normal pulmonary venous 
drainage. Solid lines connect observations on 
one patient and horizontal bars represent the 
average of appearance time differences. 
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Fic. 3.—Arterial dilution curves recorded in a patient 





with an atrial septal defect and normal pulmonary 
venous drainage (Group I). Vertical arrows 
indicate the time of injection, corrected for the 
delay in transit between arterial needle and 
cuvette. Oblique arrows indicate the inter- 
ruptions of the descending limb of the dilution 
curve by dye which has been shunted through the 
pulmonary bed. The injection sites are repre- 
sented as follows: RA=right atrium, RPV=right 
pulmonary vein, LA=left atrium, LV=left ven- 
tricle. Note the resemblance in both contour and 
appearance times between the pulmonary vein 
and left atrial curves. 
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2.—Schematic drawings of arterial indicator 

dilution curves following right atrial (RA), pul- 
monary vein (PV) and left atrial (LA) injections. 
The injection time is represented by the beginning 
of the baseline. 
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4.—Difference in the appearance times of dye in 


the arterial blood following left atrial and pul- 
monary vein injections (left) and of right atrial 
and pulmonary vein injections (right) of patients 
in Group II, with atrial septal defect, bidirectional 
or right-to-left shunt and normal pulmonary 
venous drainage. 
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Fic. 5.—Arterial dilution curves recorded ina patient Fic. 6.—Difference in the appearance times of dye in 

with Ebstein’s anomaly of the tricuspid valve, a the arterial blood following left atrial and pul- 
bidirectional shunt across the interatrial com- monary vein injections (left) and of right atrial 
munication and normal pulmonary venous and pulmonary vein injections (right) of patients 
drainage (Group II). Vertical arrows indicate in Group-III, with sinus venosus atrial septal 
the time of injection, corrected for the delay in defect and anomalous drainage of right pul- 
transit between arterial needle and cuvette. monary veins. 
Oblique arrows indicate the interruption of the 
descending limb of the dilution curve by dye which 
has been shunted through the pulmonary bed. 
The injection sites are represented as follows: 
RA=right atrium, RPV=right pulmonary vein, 
LA=left atrium, LV=left ventricle. All four 
appearance times are similar but the pulmonary 
venous curve resembles the left more than the 
right atrial curve. 


following right atrial injection; the average difference was only 0-3 sec. (Fig. 6). In contrast with the findings 
in Groups I and II the contours of the dilution curves resulting from injections into the anomalous vein were 
identical with those obtained following right atrial injection (Fig. 2). In none of the four patients in this 
group could a left-to-right shunt be demonstrated in the dye curves recorded after left atrial injection, and in 
three of them there was no evidence of a left-to-right shunt from the normally draining left pulmonary 
veins. These observations suggest that in this group of patients with sinus venosus atrial septal defect the 
major or entire left-to-right shunt is derived from the anomalous drainage of the pulmonary veins. 

Group IV (Sinus venosus ASD, bidirectional shunt, anomalous drainage of right pulmonary veins). ‘n 
this patient with anomalous pulmonary venous drainage and a right-to-left shunt at the atrial level, te 
appearance time following injection into the anomalous vein was similar to that following both right and |: ft 
atrial injection, as in Group II. However, in contrast to the findings in Group II the contours of the diluti n 
curves following right atrial and anomalous pulmonary vein injection were identical; there was a small ea: y 
initial peak followed by the larger peak representing dye which had coursed through the pulmonary vascu' :r 
bed. In this patient no left-to-right shunt was apparent in the dilution curves recorded after left atr il 
injection (Fig. 2). 


DISCUSSION 
When the results of the clinical examinations suggest the presence of some form of atrial sep 
defect, the catheterization in this clinic is always performed from a saphenous rather than an an >- 
cubital vein. With this approach the defect, if present, can be traversed and both right and | ‘t 
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‘monary veins can usually be entered to permit the determination of their drainage pathways, by 


method described. It is apparent that the drainage pathway of blood from a pulmonary vein is 
srmined primarily by its anatomical relation to the remnant of the interatrial septum and to 
defect. When the septum is largely absent posteriorly, as is common with large defects, it may 
lifficult, even at operation, to decide into which atrium a given vein may have drained primarily. 
these circumstances, however, the septum must ordinarily be reconstituted with a prosthesis and 
, can be placed to the right of the entrance of all pulmonary veins. 

When true anomalous drainage into the superior cava and right atrium is present the interatrial 
imunication is generally small and is located high in the septum adjacent to the entrance of the 
erior vena cava. The complete correction of this combination of anomalies requires the place- 
it of a prosthesis that directs the return from the pulmonary veins through the defect and 
ludes both from the right atrium and vena cava (Fig. 7). The recognition of this variety of atrial 
tal defect is particularly important since its complete repair necessitates a prolonged period of 
ulatory interruption and is not possible by a closed method or during the brief period of cardiotomy 
sible with hypothermia. Closure of the interatrial defect alone accomplishes little, since all or a 
jor part of the shunt is from the pulmonary veins. Lobectomy, which has been an alternative 
thod of treatment of this lesion (Ehrenhaft et al., 1958) is certainly undesirable. 

The indicator dilution method is not only of distinct value in the study of patients with partial 
ymalous pulmonary venous drainage as described herein, but may also provide the definitive diag- 
sis of total anomalous pulmonary venous return. In such patients the dilution curves resemble 





m_ Sup. vena cava 






Atrial septal 
defect 


Fic. 7.—Drawings showing method of repair of sinus venosus atrial septal defect with anomalous 
drainage of two right pulmonary veins. Upper right: An incision is made in the right atrium 
and superior vena cava after the cave have been cannulated and bypass established. Lower left: 
The atrium and superior vena cava have been opened and the Ivalon sponge prosthesis i is sewn 

into place. Lower right: The prosthetic sponge directs blood from the pulmonary veins across the 

defect into the left atrium and also prevents shunting of blood from the left atrium into the right. 
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those of the patient in Group IV, but the right-to-left shunt is, of course, far greater and is dem. n- 
strable following injection into each pulmonary vein. Aside from patients with total anomal: us 
pulmonary venous drainage, we have not encountered a patient with anomalous entrance of a =ft 
pulmonary vein into the right atrium or systemic venous bed. However, complete drainage of blc od 
from a left pulmonary vein into the right atrium has been detected in one patient by the indicz or 
dilution method: in this patient at operation the entrance of the left pulmonary veins was fo: ad 
near, but to the left of, the interatrial defect. 


. 


SUMMARY 


The paths of pulmonary venous drainage were determined by the indicator dilution methoc in 
29 patients with atrial septal defect who were subsequently operated upon by the open method. 
The appearance times and contour of the dilution curve, recorded from a systemic artery follow ng 
injection into the pulmonary vein, were compared with those that resulted from injections into e. ch 
atrium. 

When the curve following pulmonary venous injection closely resembled that following ieft 
atrial injection and was dissimilar to that resulting from right atrial injection, anomalous drainage of 
the vein could be excluded. When the curve closely resembled that following right atrial, but jot 
left atrial injection, anomalous drainage into the right atrium or vena cava was found to be present. 
The usefulness of these studies in the selection of patients for operation and in the choice of surgical 
technique is discussed. 
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In this paper measurements of the transverse diameter of the heart are presented in persons aged 
60 o 79 years, using X-ray films of the chest, together with data on their body weight, height, chest 
diz meter, and arterial blood pressure. The object is to determine the nature and intensity of the 
rel tionships of the heart diameter and these other factors, and therefrom to assess the efficiency with 
wh ch the heart diameter can be predicted from a knowledge of such variables in a healthy but 
eldsrly group of the population. The differences in these respects with change of age will also be 
incicated by contrasting the findings for adjacent decennial periods 60 to 69 and 70 to 79 years. 

Many authors have regarded the heart diameter as a useful criterion of the heart size itself 
(Bedford and Treadgold, 1931; Bainton, 1932; Bakwin and Bakwin, 1935; Comeau and White, 1942) 
but, as far as I am able to ascertain, information relates to those of young and adult life and only 
inadequately to old age. A statistical study similar in character to the present was carried out by 
Hodges and Eyster (1926) using orthodiagrams derived from 80 men between the ages of 15 and 45 
years. 


METHODS 


The data are derived from the records of 111 men and 160 women, aged 60 to 69 years, and 
123 men and 129 women, aged 70 to 79 years, who attended the Rutherglen Consultative Health 
Centre for older people (Anderson and Cowan, 1955). All were considered to be in good health 
after a complete clinical examination which included ophthalmoscopic and rectal examinations. 
Excluded from the series were those who had a hemoglobin under 11 g. Sahli, an apical systolic 
murmur greater than Grade 2 as described by Levine and Harvey (1949), or an asymmetrical chest. 
For the purpose of this statistical study the adipose who were otherwise in good health have been 
included. Subjects suffering from extreme degrees of adiposity usually excluded themselves because 
of co-existing disease or inability to measure the heart or chest diameters with accuracy. 

The transverse diameters of the heart and chest were measured to the nearest millimetre from 
X-ray films taken in the postero-anterior position at a distance of two metres with an exposure of 
1/25 second at 300 milliampres as previously described (Cowan, 1959). Weight was measured to 
the nearest quarter pound (120 g.) and height to the nearest quarter of an inch (0-6 cm.). The men 
and women wore a minimum of clothing and no footwear. The weighing machine was of the 
steelyard platform type reading accurately to 3 oz. (90 g.), with a height measuring attachment. 

Arterial blood pressure was estimated by the auscultatory method to the nearest even number, 
and a mercury manometer with standard cuff was used. Systolic blood pressure was recorded at 
the point at which sounds were first heard, and diastolic blood pressure at the point of sudden muffling 
which occurs prior to the disappearance of the sounds. The blood pressure of each subject was 
taken on several occasions and the last one noted in every case was used in this paper. 
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RESULTS 


Table I shows for each sex the means with their standard errors, the standard deviations, and 1¢ 
coefficients of variation of the several variables for two decennial age groups. The average he rt 
diameters are alike for the sexes in the age group 60 to 69 years, but in the following decade the he rt 
diameter of the men is on average 0-4 cm. greater than that of the women. The average value: of 
the heart diameters of 12-6 cm. and 13-0 cm. in the men are greater than the 12-2 cm. recorded by 
Kerley (1950) for adult men, and the heart diameter means of the women are 2 cm. greater than he 
10-7 cm. observed for adult women by Bainton (1932) from orthodiagrammatic studies. ~ he 
diminution in the average body weight with age is rather more pronounced in women. CT :st 
diameter decreases in both sexes with age, and the standard errors of these means suggest that he 
downward trend is significant in women but not in men. The average systolic and diastolic bl 5d 
pressures of the women are greater than the corresponding values for the men in both age grou )s, 
and while systolic blood pressure increases with age in both sexes, diastolic pressure shows no si ch 
change with age. The men are taller on average than the women and for each sex the differences in 
the two age groups are negligible. 

The absolute variability of heart diameter (measured by the standard deviation) is equal in ‘he 
sexes; shows no change with age; is less than that of other attributes such as body weight and blood 
pressure, and is comparable to the value of 1-09 noted by Hodges and Eyster (1926). The relative 
variability of heart diameter (measured by the coefficient of variation) is alike for the sexes; shows 
no change with age; is less than that for weight and blood pressure, but greater than that for chest 
diameter and height. 

The approximate relative variability of 8-9 for the heart diameter, which is analogous to the 7-7 
observed for the cardiothoracic ratio (heart-lung coefficient; Cowan, 1959), is moderate. Body 
weight and arterial blood pressure are more variable attributes, and the use of heart diameter as a 
clinical index cannot, therefore, be criticized on the grounds of its excessive variability in different 
subjects. 


TABLE I 


MEANS, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIATION OF THE SEVERAL VARIABLES BY SEX AND TEN-YEAR 
AGE GROUPS 











| Standard | Coefficient 
Age | Number Variables Mean + S.E. | deviation | of variation 
group | | 
| Men | Women Men | Women | Men | Women Men | Women 
60—69) 111 160 | Transverse diameter of | j 
heart (cm.) a 12:°6+0-12 12:740-09 | 1:3 1-1 10-4 8-9 
Weight (Ib.) . . | 142-942-16 | 147-342-44 | 22°8 30-9 15-9 20-9 
| Transverse diameter of | 
| chest (cm.) 28-540°17 | 25:04+0-14; 1:8] 1:8 64 | 7:3 


| Systolic blood pressure ‘‘ 
. | 156-841-97 | 173-042-28 | 20-8 | 28-9 13-3 | 16°7 


87-540-81 | 90-840:89 | 85 | 11:3 | 98 | 12-4 
| | | Height (in.) 65-640-24 | 60-540:19| 25 | 24 | 3-8 | 
70—79| 123 129 Transverse diameter of 


2 
3 

| | heart (cm.) .. ee | 13-040-:10 | 1264009} 1:1 | 10 | 8:7) 7+ 

| | | Weight (Ib.) 3 


(mm. Hg) : 
| Diastolic blood pressure 
(mm. Hg) 


-_ “+ | 139-5+1-89 | 139-4+2-90 | 21:0 | 33-0 15-1 23: 
| Transverse diameter of | 
| | chest (cm.) .. | 28-240-17 | 2414014] 1-9 1-6 6°6 6" 
| | Systolic blood pressure 
(mm. Hg) .. | 166-°041-90 | 179-742-54 | 21-1 | 28-8 12:7 | 16-¢ 
Diastolic blood pressure | 
(mm. Hg) | 85-940-79 | 90-540:99 | 8-7 11-3. | 10-1 


r2: 
aT 4: 





| Height (in.) 1. ve | 65-20-22 | 60:540-23| 24] 2:7 
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The coefficients of correlation* for the four age-sex groups for each pair of variables were 
cilculated. The closest relationships between heart diameter and other variables are those involving 
veight and chest diameter. Arterial blood pressure though significantly correlated with heart dia- 
n eter is of less importance, while between height and heart diameter the association, though positive 
ii. sign, is not significant statistically. These coefficients of correlation do not take into account the 
i: terrelationships that exist in varying degree between the variables themselves, and in consequence 
d» not measure the strength of association between the heart diameter and each of the other variables 
v nen the influence of the remaining independent variables has been eliminated. This is measured 
t’ coefficients of partial correlation between heart diameter and each variable separately, one or 
n ore of the others being held constant. The third order coefficients of correlation* indicate that 
v hen the three residual variables are held constant, (1) the significance of the correlations between 
t e heart diameter and each variable is diminished, (2) weight and chest diameter remain the most 
i) iportant correlatives of heart diameter, and (3) the strength of association in each sex is less in the 
|; ter than in the earlier decade, except in respect of the correlation between heart diameter and 
s stolic or diastolic blood pressure in women, and between heart diameter and systolic blood pressure 
i. men. Furthermore, heart diameter and height, which considered by themselves show a positive 
association, are when the remaining variables are held constant, if anything, negatively correlated 
tut to a degree that is of doubtful significance. 

In view of the decided association between these other attributes and heart diameter the high 
j.itial variability of this diameter (Table I) can clearly be reduced when a knowledge of these other 
variables is available. The extent of this reduction when such knowledge is utilized is apparent on 
comparison of the partial standard deviations (Table II) with the initial crude values (Table I). 
They show that for constant weight, chest diameter, systolic blood pressure, and height, the absolute 


TABLE II 


PARTIAL STANDARD DEVIATIONS FOR THE TRANSVERSE DIAMETER OF THE HEART BY SEX AND TEN-YEAR AGE GROUPS 
WITH REFERENCE TO ALL OTHER VARIABLES 





Partial standard deviations 














Subscript t 60—69 years 70—79 years 
Men Women Men Women 
1 with 2346 0-85 0-69 0-88 0-75 
1 with 2356 0-82 0-72 | 0-88 0-77 
+ The subscripts are: 1. Transverse diameter of heart. 4. Systolic blood pressure. 
2. Weight 5. Diastolic blood pressure. 
3. Transverse diameter of chest. 6. Height. 


Diastolic blood pressure is an alternative for systolic blood pressure. 


variability of the heart diameter is reduced by 35 per cent and 37 per cent for men and women 
respectively in the earlier, and by 20 per cent and 25 per cent for men and women respectively in the 
later age group. There is no material difference in this respect if diastolic is substituted for systolic 
blood pressure in the assessment. 

A further important point to determine is the relative strength of the association between the 
heart diameter and the various combinations of the independent variables. This is indicated by 
comparison of the coefficients of multiple correlation*. The salient feature is that for each sex and 
age group the coefficients of multiple correlation involving body weight and chest diameter are little 


* Tables of relevant data may be obtained from the author. 
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less than the corresponding coefficients involving all four independent variables. Furthermor: , 
virtually all the coefficients of multiple correlation show less strength of association in the older tha : 
in the younger age group. 

Equations predicting heart diameter in terms of body weight and chest diameter are therefor: 
quite as efficient as those using all four variables*, and are as follows. 


60—69 years. Men. X,=0-02571 x,+0-2433 x,+1-9944 
Women. X,=0-01890 x,+0-2245 x,;+4-2778 
70—79 years. Men. X,=0-01656 x,+0-2142 x,+4-6581 


Women. X,=0-01232 x.+0-1951 x,+6-1876 


where X,=transverse diameter of heart (cm.), x,=weight (lb.), and x;=transverse diameter of 
chest (cm.). The predictive efficiency of these equations is approximately 34 per cent at 60—69 year ; 
and 20 per cent in the later age group. 

The only other attempt of which I am aware to predict the heart diameter in terms of othe~ 
variables is that of Hodges and Eyster (1926), who studied a group of young adult men aged approxi 
mately 15 to 45 years and related heart diameter to age, height, and weight. The predictive efficiency 
of their equation was of the order of 19 per cent. In the old people of this series the value of th: 
equations for prediction using these variables is not less satisfactory, and those predicting heart 
diameter from body weight and chest diameter are appreciably better for age group 60 to 69 years 
and equally so for ages 70 to 79 years. In addition, this paper, unlike that of Hodges and Eyster 
(1926) which is based on orthodiagrammatic measurements, presents equations that refer to X-ray 
films, and in the evaluation of X-ray films consequently require no correction. 


SUMMARY 


The transverse diameter of the heart in 523 healthy old people, aged 60 to 79 years, is examined 
and related to the other attributes body weight, transverse diameter of chest, arterial blood pressure, 
and height. 

In this series the average heart diameter differs little in older men and women, and its relative 
variability of 8-9 is moderate. Body weight and arterial blood pressure are more variable attributes. 

The transverse diameter of the heart is significantly related to each of the other variables men- 
tioned, most appreciably with body weight and with the transverse diameter of the chest. When the 
other variables are held constant the predominating influence of body weight and the transverse 
diameter of the chest emerges. 

Multiple regression equations are presented predicting the transverse diameter of the heart in 
terms of the two most important variables. These indicate that in any accurate decision on cardiac 
enlargement it is essential to take into account body weight and chest diameter. 


I wish to thank Dr. P. L. McKinlay of the Department of Health for Scotland for helpful advice. Tables of th: 
relevant data marked with an asterisk may be obtained from the author. 
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The mitral valve opens with a loud snap in some patients suffering from chronic rheumatic heart 
c.sease. The features by which the sound may be recognized have been described clearly by Mar- 
¢ lies and Wolferth (1932) and by Mounsey (1953). The significance of the opening snap has been 
cisputed. Sellors, Bedford, and Somerville (1953) held it to be reliable evidence of mitral stenosis 
v ith a pliant diaphragmatic valve, offering important evidence of operability. Mounsey (1953) 
cd not hear the opening snap in cases where the valves had lost suppleness. Wood (1954) concluded 
tuat the opening snap was an important sign of dominant mitral stenosis and an excellent talisman 
azainst the presence of serious mitral regurgitation. McDonald et al. (1957) regarded the sound 
as an important clue to the ease with which mitral stenosis may be surgically relieved. On the 
other hand, Wood (1954) and McDonald et al. (1957) admitted that an opening snap may occur in 
addition to the third heart sound of mitral regurgitation: while Goodwin et al. (1955) heard 
opening snaps in nine out of ten cases of mitral stenosis with important regurgitation. Turner and 
Fraser (1956) found loud opening snaps in patients with rigid valves, and in patients with dominant 
mitral regurgitation. Belcher (1956) and Douglas (1957) recognized the fact that mitral opening 
snaps occurred in cases of incompetence. 

The association of a loud opening snap with a pansystolic murmur attributed to mitral regurgi- 
tation occurred in thirty patients in a personal series of 250 cases of mitral valve disease. In 
twelve the valve was examined at operation: without exception the aortic cusp was found to be 
pliant and mobile, and regurgitation was caused by shrinkage of the mural cusp. 

The purpose of this communication is to describe the important features of the twelve cases, 
and to consider the significance of the opening snap in mitral incompetence. 


CLINICAL FINDINGS 


Eleven of the twelve patients were women and the ages of the group ranged from thirty-six to 
fifty years. Seven had suffered from rheumatic polyarthritis or chorea in childhood. Disability 
from breathlessness was moderate or severe in every case. Aortic valve disease was present in 
three patients, and tricuspid regurgitation in two. 

Mitral valve opening and closing snaps and the pansystolic murmur of mitral regurgitation 
occurred in every case. The opening snaps were readily heard with the stethoscope in patients with 
dominant stenosis but were sometimes distinguished with difficulty from pulmonary valve closure 
and the third heart sound in those with dominant regurgitation. Phonocardiography made 
diagnosis certain by recording aortic and pulmonary valve closure, opening snap, and third heart 
sound for identification. The intensity of the closing snaps was quite variable, being greater after 
short rather than long diastolic pauses. The loudness and pitch of the pansystolic murmur of 
mitral regurgitation appeared to be of little value in the clinical assessment of orifice size. 

Consideration of four physical signs permitted the patients with smaller orifices and dominant 
stenosis to be distinguished before operation from those with larger orifices and dominant regurgi- 
‘ation: the third heart sound of rapid early diastolic left ventricular filling, the presence or absence 
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of a tapping cardiac impulse, the presence or absence of a palpable left ventricular thrust, and tl > 
quality of the mitral diastolic murmur. 

A left ventricular third heart sound occurred in each of the five patients with dominant regurg - 
tation, but in none of the seven with dominant stenosis. In other words, its presence appearc 1 
to be conditional upon the mitral orifice measuring 2-5 cm. or more in diameter (Table II). 

A left ventricular thrust was palpable at the apex in every patient with dominant incompetenc , 
and in only one with a small orifice: in this instance it was attributed to left ventricular hypertropl , 
consequent upon aortic valvular disease. The cardiac impulse was tapping in five of the seve 1 
patients with dominant stenosis. 

The onset of the mitral diastolic murmur tended to be loud, sometimes explosive, in patients wit 1 
dominant incompetence, while in those with dominant stenosis it began quietly. One patient wit 1 
dominant stenosis was considered to have a short mitral diastolic murmur, while two patien s 
with large orifices had murmurs lasting throughout diastole. A left atrial systolic murmur was n« t 
present in the one patient with dominant incompetence and sinus rhythm. 

The important physical findings in the twelve patients with mural cusp disease are shown i. 
Table I. In Table II the surgeon’s assessment of mitral orifice size and his description of the cusps 
are presented. The decision as to whether a patient suffered predominantly from obstruction cr 
regurgitation at the mitral valve was made after the clinical, cardiographic, and radiological features 
had been considered with the findings from left heart catheterization and from operation. 

Phonocardiograms from Cases 10 and 12, suffering from dominant mitral regurgitation are 
shown in Fig. 4 and 6. Left atrial pressure pulse records from patients with dominant stenosis 


TABLE I 


THE IMPORTANT PHYSICAL SIGNS IN TWELVE PATIENTS WITH MuRAL Cusp DISEASE 
























































| | Mitral Mitral | Cardiac Third Mitral 
Case Age Sex | Rhythm | opening pansystolic impulse heart diastolic 
| snap | murmur | sound» | murmur 
STENOSIS DOMINANT 7 
ae | 40 | F | AF | Loud Grade 2 | L.V. thrust None Long 
| (aortic stenosis) 
2 4. ST | F AF | Loud | Grade 1 Tapping None Long : 
a 45 | F | SR | Loud | Grade 2 | Tapping None Long 1 
4. 44 | F | SR | Loud | Grade 3 mm None | Short 
5. | 37 | F SR Loud Grade 3 Tapping None | Long 
6. | 44 F | SR Loud Grade 2 Tapping None | Long 
7. | 45 | M sf SR Loud Grade 2 | Tapping None | Long 
INCOMPETENCE DOMINANT | | | 
8. | 50 | F | SR Loud Grade 3 | L.V. thrust Present Long 
9 | 36 | F | AF | Loud Grade3 | L.V. thrust Present | Short 
10. | 42 | F AF | Loud Grade 3 L.V. thrust Present Short 
11. | 45 | y ou Loud Grade 2 | L.V. thrust Present | Long 
12. | 37 | F | AF | Loud | Grade 3 | L.V. thrust Present Short 











SR=Sinus rhythm; AF=Auricular fibrillation. Murmurs graded 1 to 6 in loudness. 
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THE OPENING SNAP IN MITRAL INCOMPETENCE 


TABLE II 
FINDINGS AT OPERATION 








Approximate | 
































Case diameter of | Condition of aortic cusp of Condition of mural cusp of 
mitral orifice mitral valve mitral valve 
(cm.) 
$1 ZNOSIS DOMINANT | 
‘, 1-2 | Almost normal. Freely mobile Grossly diseased; thickened and immobile 
. Z. 1°5 Mobile, billowing to and fro in the stream} A thickened ridge of immobile tissue with 
calcified vegetations 
1 3 1-5 Mobile and pliant Immobile 
i 4. i Mobile and pliant Rigid and thickened 
r 5 | 1-5 | Freely movable; ballooning normally |  Thickened, narrowed and immobile 
6 | 2 | Reasonably healthy and moving a great! Immobile and thickened 
deal 

: be | 2 Pliant and mobile | Shrivelled and functionless 





INCOMPETENCE DOMINANT 


| 
| Pliant and mobile | 














8. | 25 Functionless 
i 9. | 2:5 | Hardly diseased and very mobile | Immobile, thickened, and rolled upon itself 
10. | 25 | Pliant and mobile | Thickened, rolled upon itself, held immo- 
| bile by short chorde 
1 Hi. 3 | Freely mobile and apparently normal | Greatly thickened and rolled upon itself 
{ 12. 3 | Mobile and apparently normal Thickened, rolled upon itself, and immobile 








Fic. 1.—Left atrial pressure from Case 1. 


mitral lesion was obstructive. 


Mural cusp regurgitation. 


The dominant 


(Scale in mm. mercury.) 
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Fic. 2.—Electrocardiogram of Case 4. Mural cusp regurgitation. The dominant mitral lésion was 
obstructive. 





Fic. 3.—Left atrial pressure from Case 8. Mural cusp regurgitation. The dominant mitral 


lesion was one of regurgitation. 


(Scale in mm. mercury.) 
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and dominant incompetence are shown in Fig. 1 and 3 respectively. The electrocardiogram in 
Fiz. 2 is from a patient with dominant stenosis; that in Fig. 5 from a patient with dominant in- 
competence. The drawings in Fig. 7 show the artist’s impression of the appearance at necropsy 
of the mitral valve in a case of mural cusp disease. 


PA 















Fic. 4.—High-frequency phonocardiogram from Case 10—dominant mitral regurgitation. P.A.=Pulmonary 
Area. M.A.=Mitral Area. A=Aortic valve closure. P=Pulmonary valve closure. C=closing snap 
of mitral valve. S.M.=pansystolic mitral murmur. O=Opening snap. 3=third heart sound of 
rapid ventricular filling. 2—Lead II electrocardiogram. H.F.=High Frequency. 


DISCUSSION 


The Formation of the Opening Snap. In the twelve cases described the important and constant 

clinical feature was the association of a loud opening snap with the murmur of mitral regurgitation. 

he important and constant finding at operation was the association of a relatively healthy aortic 
cusp with regurgitation caused by deformity and immobility of the mural cusp. 

Regurgitation ranged from a small stream through a narrow orifice, with a systolic murmur 
as its only clinical manifestation, to gross reflux through an orifice large enough to permit rapid 
ventricular filling. It would appear that adhesion between the cusps determined orifice size and 
consequently the degree of regurgitation. The strength of adhesion between the cusps varied 
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from case to case. Surgical separation was easy in some, in others almost impossible. The | ft 
atrial pressure was abnormally high in all. 

It follows that the opening snap cannot be dependent upon the mitral lesion being purely steno: c 
upon commissures that split easily, or upon mobility in the mural cusp. It would appear tt ‘ 
the opening snap is caused by a pliant aortic cusp moving abruptly under the influence of a h :h 
left atrial pressure. 

This view is supported by the observation that closing snaps occurred in the cases descril »d 
here; Sellors (1952) has shown that the closing snap is caused by abrupt movement of the ao i 
cusp. Loud closing and opening snaps are uncommon when the mitral valve is grossly calcif » 
(Wynn, 1953), and absent in mitral regurgitation caused by severe disease affecting both cu )s 
(Brigden and Leatham, 1953). 

The Surgical Significance of the Opening Snap in Mitral Incompetence. Our team has encoi 1 
tered the association of a loud opening snap with the murmur of mitral regurgitation in thi ty 
patients. In twelve examination of the valve was possible and consistently revealed regurgitation ' 
caused by disease chiefly affecting the mural cusp. Conversely, this anatomical lesion has rot 
occurred in a series of 130 operations for mitral valve disease in the absence of a mitral pansysto!ic 
murmur and loud opening snap. Moreover, it has appeared possible from clinical examination 
of the patients to determine whether obstruction or regurgitation was the chief defect. If wider 
experience confirms the reliability of these physical signs it should be possible to plan the surgical 
treatment of a disabled patient from clinical examination alone. 
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Fic. 5.—Electrocardiogram from Case 10. Dominant mitral regurgitation. 
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Fic. 6.—Phonocardiogram from Case 12. Dominant mitral regurgitation. Abbreviations as in Fig. 4. 





Fic. 7 (1).—A pliant aortic cusp is being retracted to show the shrunken and 
thickened mural cusp, held by shortened chorde. (2) The appearance 
when the atrium is opened, showing that the diseased mural cusp is out of 

reach of the relatively healthy aortic cusp. 
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Valvotomy may relieve patients with mural cusp regurgitation when the orifice is sn all 
and stenosis dominant, but cannot help those with negligible obstruction. Provided that the ao tic 
cusp is pliant and mobile, dominant regurgitation from disease of the mural cusp is amenable to 
surgical treatment (Sakakariba, 1955; Lillehei et al., 1958; Kay et al., 1958; Nixon et al.,19. 9), 
At present the operation of choice may be the suturing of plastic sponge to the mural cusp in s ch 
a way as to form a cushion against which the pliant and mobile aortic cusp can close in sysi dle 
(Fig. 7). 

Closure of the Mitral Orifice. It has been claimed that the mural cusp may play no effec ive 
part in closing the normal mitral orifice (Harken et al., 1951). While this is possibly true, i. is 
apparent from the cases described here that serious regurgitation can result from shrinkage of he 
mural cusp. 


SUMMARY 


Twelve patients are described in whom mitral regurgitation was caused by inability of a pliant 
and mobile aortic cusp to meet a shrunken and immobile mural cusp, a variety of mitral regu: gi- 
tation now amenable to surgical treatment. Each patient presented clinically with a loud opening 
snap and the murmur of mitral regurgitation. If wider experience proves this association of signs 
reliable in the diagnosis of incompetence caused by disease of the mural cusp it will be of value in 
the selection of patients for operation. 

It is considered that the opening snap indicates pliancy and mobility in the aortic leaflet. The 
opening snap is not diagnostic of either “pure” stenosis or of commissures that split readily. 

Whether or not the mural cusp plays an effective part in closing the normal mitral orifice, con- 
siderable regurgitation may be caused by its shrinkage from rheumatic heart disease. 


The authors are grateful to Dr. William Whitaker for his advice and criticism. 
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Over the past few years there has been a gradual recognition that obstruction to outflow from the 
lef ventricle may be determined by lesions other than fusion of the aortic valve cusps or congenital 
di: phragms below or above the cusps. This syndrome has been described by Brock (1957, 1959), 
un jer the title of Functional obstruction of the left ventricle, and he instances a patient in whom 
hy»ertension produced left ventricular hypertrophy that narrowed the outflow tract of the left 
ventricle in systole. Bercu et al. (1958) used the term Pseudo-aortic stenosis to describe a patient 
wiih apparent aortic stenosis who at autopsy had gross generalized ventricular hypertrophy only. 
Morrow and Braunwald (1959), under the heading Functional aortic stenosis, instance two patients 
with apparent sub-aortic stenosis who at open operation were found to have no anatomical obstruc- 
tion. 

Recently Teare (1958), from autopsy studies, gave the first adequate description of Asymmetrical 
hypertrophy of the heart, a condition in which the interventricular septum in particular is grossly 
hypertrophied and bulges into both ventricular cavities. One of his cases presented with signs 
of mitral stenosis; another was studied by us during life and found to have signs of obstruction to 
right ventricular inflow tract, and fourteen members of her family also had heart disease with 
similar signs (Hollman et al., 1960). Fig. 1 shows the heart in one of these patients. 

We have now seen 8 patients in whom we believe that hypertrophy of the left ventricle of un- 
determined cause has caused obstruction to left ventricular outflow (pseudo-aortic stenosis). Some 
have had signs suggesting inflow obstruction of one or both ventricles in addition, and we propose 
the term Obstructive cardiomyopathy as being a suitable descriptive title for the whole group. In 
one of our patients the obstruction was successfully dealt with by open-heart surgery. 


THE PATIENTS 


Case 1. Aman, aged 42 years, had rheumatic fever at the age of 11 years and was told afterwards that 
his heart was affected. He was, however, perfectly well until the age of 36, when he began to experience 
tight precordial pain on exertion which, at the age of 40, became worse and came on whenever he tried to 
hurry. Also, for 6 years he had lost consciousness on several occasions when persisting in fairly strenuous 
effort. Dyspnoea on effort had been minimal up to the last year when it had become more noticeable. He 
had a paroxysm of tachycardia at the age of 32. There was no family history of heart disease. 

On examination he was a stocky man. The pulse was rather small in volume. On most occasions the 
upstroke was quite normal, while on others it appeared to be anacrotic. The blood pressure was 140/80 mm. 
The heart was quiet with a tapping apex beat and there was no thrill. A moderately loud aortic ejection 
murmur was heard at all areas and was louder at the apex than at the right second space. An ejection click 
was heard at the apex and the second sound was single. Phonocardiography showed an ejection systolic 
murmur of late onset and an early systolic click (Fig. 3). 

The heart was of normal size but showed some fullness of the left ventricle in the lateral view on radio- 
scopy. The aorta was normal and no valve calcification was seen. He had considerable left axis deviation 
(axis —40°) with a QRS duration of 0-11 sec., absent Q waves in leads V6 and I, and an RS pattern in VS, 
suggesting partial left bundle-branch block and combined ventricular hypertrophy. 
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Fic. 1.—Pathological specimen of the heart of a patient Fic. 2.—Arterial pulse tracings in Cases 1 to 5, showing 
with asymmetrical hypertrophy, as described by abrupt upstroke and large tidal wave. Arterial pressure 
Teare (1958). The fibrosis and the asymmetry of the in mm. Hg shown above each tracing. 


massive hypertrophy is well seen and the tendency 
for obstruction to blood flow is obvious. 


An intra-arterial pulse tracing showed a delayed upstroke time of 0-26 sec. on one occasion and an abrupt 
upstroke of 0-07 sec. on another (Fig. 2). The Valsalva response was normal. Percutaneous puncture of 
the left ventricle and brachial artery showed an aortic systolic gradient of 60 mm. Hg, the left ventricular 
pressure being 155/18 mm. The brachial artery pressure was 95/60 mm. and the upstroke time measured 
0-09 sec. 


Comment. Although classical symptoms of aortic stenosis were present, we were concerned about the 
variable nature of the arterial pulse, the upstroke of which was sometimes rapid and sometimes delayed, the 
absence of valve calcification, and the systolic murmur being rather short in duration for severe aortic stenosis. 
We concluded that the patient probably had asymmetrical hypertrophy of the left ventricle, obstructing 
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Fic. 3.—Phonocardiograms to show the ejection systolic murmur in Cases | to 5 and 7. 
x =systolic click. 
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OBSTRUCTIVE CARDIOMYOPATHY SIMULATING AORTIC STENOSIS 405 
the outflow tract. However, we did not feel confident in excluding congenital sub-aortic stenosis, and in 
vic vV of his severe symptoms decided to operate. 

Operation (W.P.C.) was performed on 26/11/58. Pressure measurements showed, in mm. Hg: left 
ve) tricle 150/17, aorta 150/75, with upstroke time of 0-20 sec., and internal mammary artery 150/75 mm. 
Tl 2re was thus now no aortic valve gradient. Total cardio-pulmonary bypass was then instituted using the 
M Irose-N.E.P. heart-lung machine, and the heart arrested with potassium citrate. The aorta was opened 
an | the aortic valve found to be normal. A finger was passed down into the left ventricle, and obstruction 
to ‘he outflow tract, due to an enormously enlarged ventricular septum was discovered. Portions of the 
ot truction were excised, but a great deal of hypertrophied muscle could not be removed. The duration of 
ca diac arrest was 40 minutes and of bypass 55 minutes. After operation the pressures and the arterial 
w: ve form were virtually unchanged. 

The post-operative course was uneventful. Follow-up for seven months has shown considerable 
sy! iptomatic improvement. The patient is now able to exercise freely without angina or dyspnoea and has 
ret ined to work. The pulse is quick rising as before, but the systolic murmur is shorter and softer. The 
ca’ diogram now shows complete left bundle-branch block. In view of the small amount of muscle removed 
at »peration the degree of improvement is remarkable. 

Histological examination showed large muscle bundles arranged in a bizarre fashion (Fig. 4) and was 
sir ilar to the picture in one of Teare’s patients with asymmetrical hypertrephy of the left ventricle. The 
mi scle bundles are much larger than those in a heart of similar size where left ventricular hypertrophy had 
be: n caused by hypertension. 
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Fic. 4.—Histological appearances of ventricular muscle excised at operation (Case 1). 
The large muscle fibres are evident (H and E, x 120). 


Case 2. A man, aged 28, first noted dyspnoea on exertion at the age of 23, and since 26 had found it more 
severe and moderately incapacitating. In addition, he had mild angina of effort: he did not complain of 
fatigue and had never fainted. He stated that his father suffered from heart disease. 

On physical examination he looked well. The jugular venous pulse was normal and the arterial pulse 
was full and quick rising with a prominent dicrotic wave; it was almost bisferiens in character. The blood 
pressure was 100/55 mm. The apex beat was strong and hyperdynamic and there was no pulsation over the 
right ventricle. A mid-systolic thrill was felt internal to the apex beat, but was not present at the base. An 
ejection systolic murmur of medium intensity was heard at all areas, loudest between the apex and the left 
sternal edge, and weakly conducted into the neck. A soft 4th sound was heard at the apex and the 2nd 
sound was closely split. Phonocardiography showed a short ejection murmur (Fig. 3). 
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Fic. 5.—Six-foot postero-anterior radiographs. (A) Both ventricles are enlarged (cardiothoracic ratio, 
58%), Case 2. (B) Note the right and left atria (cardiothoracic ratio, 58°%), Case 6. 





Radiography showed slight dilatation of the left atrium and much enlargement of the left ventricle. 
The aortic valve was not calcified. The lungs appeared normal (Fig. 5). 

Electrocardiography showed left axis deviation (axis —30°) with T wave inversion in leads I, aVL, and 
V4to V7. AnrS pattern (R/S=0-8) was present in lead V5, and the P wave was notched. The appearance 
suggested combined ventricular hypertrophy, left atrial enlargement, and possibly anterior myocardial 
damage (Fig. 6). An intra-arterial pulse tracing revealed a very abrupt wave front to the pulse, with an up- 
stroke time of 0-04 sec. and a prominent dicrotic wave (Fig. 2). 
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Fic. 6.—Electrocardiogram of Case 2 (see text). 
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Cardiac catheterization revealed a high pulmonary capillary venous (indirect left atrial) pressure, together 
wih a moderate degree of pulmonary hypertension. A curious and consistent finding, repeated on five 
occasions, was the presence of a 12 mm. Hg systolic gradient low in the cavity of the right ventricle (Fig. 7). 
Tle pressures in mm. Hg were as follows: right atrium, 12/6; right ventricle (low), 60/8; (high), 48/8; pul- 
monary artery, 48/24 (mean 35); and pulmonary capillary venous mean, 21. The arterio-venous oxygen 
di‘ erence was 5 vol. per cent and the cardiac output 6-5 litres a minute. The pulmonary arteriolar resist- 
an:e was 2 units. The Ry/V ratio was 2:3. Dye dilution curves were normal, excluding appreciable atrio- 
ve tricular valve regurgitation or a left-to-right shunt. 








Fic. 7.—Pressure gradient in the body of the right ventricle (RV) in 
Case 2. PA=pulmonary artery. RA=right atrium. 


Percutaneous puncture of the left ventricle and brachial artery showed an aortic systolic gradient of 
65 mm. Hg: left ventricle, 165/55; brachial artery, 100/65. In order to obtain a left ventricular pressure 
curve a 4-inch (10-cm.) needle had to be thrust in up to the hilt and even then good complexes were inter- 
mittent, the systolic peak being cut off on many. The left ventricular diastolic pressure was unusually 
high at 55 mm. (Fig. 8). 
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Fic. 8.—Brachial artery (LBA) and left ventricular (LV) systolic pressures 
in Case 2. The aortic valve gradient is 65 mm. Hg. 


Venous angiocardiography demonstrated a distinct narrowing of the outflow pathway of the right 
ventricle and great hypertrophy of the left ventricle. The aortic valve area appeared normal, as did the pul- 
monary vessels. The left atrium was slightly enlarged and contrast medium was retained in it up to 10 
seconds. 

Comment. There was clear evidence of obstruction to left ventricular outflow, together with typical 
angina of effort. In addition, the catheterization and angiocardiographic studies showed a mild 
obstruction, low in the right ventricle, presumably from a hypertrophied septum. The elevated pulmonary 
wedge and pulmonary arterial pressures were attributed to left ventricular failure but, as suggested by Dr. 
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Paul Wood who saw the patient, might have been due to hindrance to filling of the left ventricle. Te 
features are best explained by gross hypertrophy of the left ventricle and septum, but the exact anatomi al 
features necessarily remain speculative. The difficulty in obtaining a left ventricular pressure curve is 
reminiscent of the patient of Bercu et al. (1958), who was shown at autopsy to have concentric hypertror 1y 
of both ventricles. 

Case 3. A housewife, aged 49, fainted while running for a bus six months before admission. This v 1s 
her first symptom, and it recurred on several subsequent occasions. One month before, she became eas ly 
fatigued and had dyspnoea on exertion, and two days before admission angina of effort was noted. Th: re 
was no family history of heart disease. 

On examination she was a short obese woman. The jugular venous pulse was normal and the arte: al 
pulse was regular, full, and jerky. The blood pressure was 190/80 mm. The cardiac impulses were qu. *t, 
with a soft diffuse apex beat and a slight parasternal lift. A systolic thrill was localized to the left ster: al 
edge and an ejection systolic murmur at the same area was conducted well towards the axilla and less w :II 
to the right second space and to the neck. A 4th heart sound was present at the apex. There was so 
kyphoscoliosis. The second sound appeared single, but phonocardiography showed an ejection systc ic 
murmur and narrowly split second sound (Fig. 3). 

Radiography showed cardiac enlargement (cardiothoracic ratio 559%) due to a large left ventricle, w.th 
some dilatation of the left atrium. The aorta was not dilated. No valve calcium was seen. She had 
complete left bundle-branch block (Fig. 10). 

The intra-arterial pulse tracing confirmed a slightly rapid upstroke time of 0-09 sec. with a small dicroiic 
wave (Fig. 2). An indicator dye dilution curve from the right atrium was normal, excluding appreciable 
mitral or tricuspid regurgitation or left-to-right shunt. Venous angiocardiography showed a normal right 
heart and pulmonary vessels. The left ventricular wall was very thick. The aortic valve appeared normal 
(Fig. 9). 

Comment. Typical symptoms of aortic stenosis were present but the normal pulse, the unusual location 
of the thrill and murmur, and the absence of visible calcium on the valve made a diagnosis of obstructive 
cardiomyopathy seem more likely. This view was supported by the angiocardiogram. 

Case 4. A labourer, aged 29 years, was found to have heart disease 5 years before, when he had frequent 
respiratory infections. Since then he had noted slight dyspncea on exertion and had twice had doubtful 
cardiac pain. On examination he was a strongly-built man and the venous pulse was normal. The arterial 
pulse was full and jerky. The blood pressure was 95/55 mm. The apex beat was localized, but not very 
forceful, and there was no parasternal lift. At the apex there was a palpable 4th sound, a 3rd sound, and a 


~ 
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Fic. 9.—Venous angiocardiogram of Case 3. (A) In ventricular systole. (B) In ventricular diastole. The gre t 
thickness of the ventricular muscle mass can be seen, the aortic sinuses appearing normal. 


L.V.=left ventricle L.A.=left atrium 
L.V.C.=left ventricular cavity A.S. =aortic sinuses. 








rtet 
qu 
ster 
3S Vi 
3 SO 
ystc 


vy W 


s ly 


re 


al 
t, 
al 
ll 
1e 
ic 


th 


1e had 


icroiic 
sciable 


l rig 


orn 


nt 
ial 


cation 
ructive 


equent 
yubtful 
irterial 
yt very 
anda 





e gre t 





OBSTRUCTIVE CARDIOMYOPATHY SIMULATING AORTIC STENOSIS 409 
short mitral diastolic murmur. A long ejection systolic thrill was felt maximally medial to the apex beat and 
ws of only moderate intensity at the base. The 2nd heart sound showed a “‘reversed”’ split, widening on 
eryviration. Phonocardiography showed an ejection murmur of late onset (Fig. 3). 

Radiography showed moderate cardiac enlargement (cardiothoracic ratio 55%) with some dilatation of 
the left atrium, and a normal aorta. There was no valvular calcification. There was T wave inversion in 
leds I, VL, and V6, with deep S waves in V2, V3, and V4. A small q wave was seen in V4 and V7, and the 
r'vave in V4 was smaller thanin V4R. The P wave was notched. The appearances suggested biventricular 
h: pertrophy, small anterior myocardial necrosis, and left atrial enlargement (Fig. 10). An arterial pulse 
tr .cing revealed a rapid upstroke time (0-08 sec.) (Fig. 2). The response to the Valsalva test was normal. 


CASE 1. 2. 3. 4 5. 6. 7. 





Fic. 10.—Electrocardiograms, leads I, V3, and V5, in Cases 1-7 (see text). 


Comment. The combination of a long aortic systolic ejection murmur and a jerky pulse made true 
aortic stenosis unlikely. There was nothing to suggest pulmonary stenosis, and the unusual site of the 
murmur, the loud atrial sound, and the cardiographic signs suggesting hypertrophy of both ventricles sug- 
gested the diagnosis of obstructive cardiomyopathy. 

Case 5. A housewife, aged 45 years, was told that she had a heart murmur during her only pregnancy 
11 years before. For 3 years she had noted progressive dyspnoea on exertion and fatigue, and on one 
occasion had lost consciousness when running for a bus, but there had been no angina. There was no family 
history of heart disease. On examination she was a small woman. There was a moderately large a wave 
in the jugular venous pulse with a somewhat sluggish y descent, and the arterial pulse was of small volume 
with a jerky upstroke. The blood pressure was 120/75 mm. The apex beat was localized but not weak, and 
no parasternal lift was present. A loud atrial sound was easily palpable at the apex and a fairly loud (grade 
3/4) ejection systolic murmur was heard internal to the apex beat. The murmur was transmitted towards 
the sternum but was poorly heard at the right second space. A short mitral diastolic murmur was present. 
On one occasion a tricuspid diastolic murmur was noted, but was not subsequently heard. Phonocardio- 
graphy showed an ejection type systolic murmur (Fig. 2). 

Radiography showed that the heart was moderately enlarged (cardiothoracic ratio 60°%), the left atrium 
was normal, the aorta rather small, and there was no valvular calcification. The cardiogram showed a small 
right atrial P wave and normal ventricular balance with slight S-T depression in V4—-V7 (Fig. 10). Anintra- 
arterial pulse tracing showed a rapid upstroke (0-08 sec.) with a prominent tidal wave (Fig. 2). 

Cardiac catheterization. The pulmonary artery and pulmonary capillary venous pressures were in the 
high normal range and a 10 mm. Hg a wave was present in the right atrium. Pressures in mm. Hg were: 
right atrium, a=10, x=0, mean 7; right ventricle, 30/7; pulmonary artery, 30/10, mean 19; pulmonary 
wedge, a=24, x=11, mean 15. The cardiac output was 5-5 1./min. Indicator dye dilution curves were 
normal, excluding appreciable mitral or tricuspid regurgitation or a left-to-right shunt. 

Comment. Although there were appreciable symptoms, severe aortic valve stenosis seemed very un- 
likely, since the pulse upstroke was normal and no valvular calcification was found. Obstructive cardio- 
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myopathy involving the inflow tracts of both ventricles, giving the large a wave and the mitral diasto ic 
murmur respectively, and involving the outflow tract of the left ventricle seemed the best explanation of t \e 
clinical picture, for the systolic murmur was ejection in type. Since it was shown by catheterization not o 
arise from the pulmonary artery, it presumably arose from the aorta. The evidence for right ventricul ir 
inflow tract obstruction rested upon the right atrial P wave on the cardiogram, the dominant a wave, and t ie 
rather sluggish y descent of the jugular venous pulse. The absence of a tricuspid gradient indicated that su :h 
obstruction must be slight. 

Case 6. A boy, aged 7, gained weight slowly in infancy and had frequent unexplained fever up to tie 
age of 5 years, when a heart murmur was first noted and an X-ray showed cardiac enlargement. For a fiw 
years he had become breathless when playing games and occasionally had substernal pain, especially wh n 
he had a bad cold. 

On examination he was a boy of normal build and there was a giant a wave in the jugular venous pul: z. 
The arterial pulse was rather small with a quick upstroke and an easily palpable dicrotic wave, almost like a 
bisferiens pulse. The blood pressure was 85/60 mm. The apex beat was localized and not forceful and a 
moderate parasternal lift was present. There was a loud ejection murmur down the left sternal edge. Loud 
3rd and 4th heart sounds were heard at the apex and left sternal edge and a mid-systolic thrill was localized 
to the apex beat. No diastolic murmurs were heard. 

Radiography showed a large heart with enlargement of all chambers, particularly the right atrium 
(Fig. 5B). There was much S-T depression and T wave inversion in leads I and V6 and a giant notched 
pointed P wave of 6 mm. There was no RS pattern in V5. The appearances were consistent with left 
ventricular hypertrophy and right atrial enlargement (Fig. 10). 

Cardiac catheterization. The intracardiac pressures in mm. Hg were: right atrium, 12/1; right ventricle, 
70/10; and pulmonary artery, 40/23. A pressure gradient of 30 mm. was found low in the right ventricle. 
There was no intracardiac shunt. Cine-angiocardiography (Dr. F. Ross) revealed some narrowing of the 
right ventricular outflow tract. 

Comment. The picture was that of severe cardiomyopathy obstructing the outflow tract of the left 
ventricle and giving rise to pulmonary hypertension from left ventricular failure. The pressure gradient 
low in the right ventricle, the giant a wave of the jugular venous pulse, and the right atrial P wave could be 
ascribed to the greatly hypertrophied septum bulging into the cavity of the right ventricle. 

Case 7. This man, aged 50, was the father of Case 2 and had no cardiac symptoms. A brother, a cousin, 
and a nephew of his had all died suddenly at the ages of 22, 23, and 32. 

On examination he looked well and the venous pulse was normal. The arterial pulse was slightly 
anacrotic. The apex beat was slightly forceful and there was an easily palpable 4th sound. A loud ejection 
systolic murmur was best heard just inside the apex beat, and was not loud at the base. The second sound 
was soft. Phonocardiography showed a long ejection systolic murmur (Fig. 3). 

There was moderate enlargement of the left ventricle with a normal aorta. The electrocardiogram 
showed an S wave in V5 and S—T depression in V7. The P wave was notched and broad. The appearances 
suggested biventricular hypertrophy, left atrial hypertrophy, and possibly anterior myocardial damage (Fig. 
10). 

Comment. The unusual features here were the apical location of the murmur, the loud 4th sound, and 
the strong family history. The signs were very similar to those found in his son, whose cardiogram was 
identical. He differed from all the other cases in having a slightly anacrotic arterial pulse. However, the 
inferential diagnosis of obstructive cardiomyopathy is strongly supported. 

Case 8. A woman, aged 44 years, was noted to have a cardiac murmur at the age of 14, but had no 
symptoms apart from occasional palpitation until 33, when the palpitation became worse and she noted 
faintness and dyspnoea on exertion, occasional nocturnal dyspnoea, and cardiac pain on effort. At the age of 
43 she had a syncopal attack, followed by diplopia and numbness of the left side of the face. She wis 
investigated for an intracranial vascular lesion with negative results. A brother had died of heart disease. 

On examination she looked well and the jugular venous pulse was normal. The arterial pulse was jerk y 
with a rapid upstroke. The blood pressure was 100/60 mm. The cardiac impulse was diffuse, and there w:'s 
a loud short ejection systolic murmur maximal down the left sternal edge, and conducted to the apex. The e 
was a 3rd heart sound, but no thrill. The second sound seemed single. Phonocardiography showed a shot 
loud ejection murmur of late onset. The second sound was very closely split. 

Radiography showed enlargement of the left ventricle and left atrium (cardiothoracic ratio 56%). Thee 
was no valvular calcification. There was deep T wave inversion and tall R waves in left precordial lea: s 
indicating severe left ventricular hypertrophy. The P waves were of left atrial type. An effort test w. s 
positive. An intra-arterial pulse tracing showed a rapid upstroke (0-07 sec.). 

Comment. The short ejection murmur, maximal at the left sternal edge and unaccompanied by a thri , 
in the presence of a quick-rising arterial pulse and left ventricular preponderance on the cardiogram afforde | 
very strong evidence for obstructive cardiomyopathy, which was further supported at this age by the absen: 2 
of aortic valve calcification. 
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FEATURES OF THE DISEASE 

4etiology. Hypertrophy is not necessarily due to one single cause, but the histology in Case 1 
in licates that it is not due to a tumour and has no relation to glycogen storage disorder. There is 
ncthing to point to an infective or ischemic cause and hypertension is not a feature, but if the 
co idition is indeed similar to that described by Teare (1958), the evidence points towards an in- 
he ‘ited disease, at least in some cases (Hollman et a/., 1960). But in the aortic group only one patient 
h: 1 an affected relative as far as we could determine. 

4ge and Sex. The eldest patient was 50 and the youngest 7, the average being 37 years. Five 
wre male and three female, a higher male incidence than that found in asymmetrical hypertrophy 
(I :are, 1958), but the age range is very similar. 

Symptomatology. The symptoms are essentially those of obstruction to cardiac output: dyspnea, 
ar zina, and syncope. Seven of our 8 patients had dyspnoea, 6 had angina, and 4 had suffered 
sy icopal attacks. Dyspneea and angina were associated in 6, and dyspnoea and syncope in 2 patients. 
O .ly 3 (Cases 1, 3, and 8) had all three symptoms, while Case 7 had no symptoms at all. Not sur- 
pi singly, the symptoms are the same as those of aortic stenosis, so that differential diagnosis cannot 
be based upon the history. It is probable that sudden death is a risk in obstructive cardiomyopathy 
of aortic type, for it occurs in true aortic stenosis, and was a feature in two members of the family 
al eady mentioned (Hollman et al., 1960). 

Physical Signs. We believe that obstructive cardiomyopathy can produce signs of obstruction to 
in low or outflow of either ventricle, so that the signs may be expected to be protean. But in many 
cases the brunt falls upon one outflow tract, and when this happens to the left ventricle, true aortic 
stenosis is closely simulated. The association of a murmur suggesting quite severe aortic stenosis, 
in the presence of a normal or even quick-rising pulse, should arouse suspicion. Further differences 
from true aortic stenosis (Table I) are the site of maximum intensity of the murmur which may be 
internal to the apex, a loud 4th heart sound, absence of valvular calcification by the age of 40 years, 
and a family history, though this may be found with true aortic stenosis also. 

Additional signs that suggest involvement of the left ventricular inflow or of the right side of the 
heart provide further evidence. A large a wave in the jugular pulse, tricuspid diastolic murmur, 
enlargement of the right atrium, radiologically and cardiographically, all suggest obstruction to 
right ventricular inflow, while a pressure gradient low in the right ventricle on catheterization indi- 
cates obstruction in the right ventricle. When such a gradient is associated with signs of aortic 
stenosis, the diagnosis becomes almost certain, true pulmonary stenosis being excluded by the 
character of the apex beat, the pulmonary closure sound (which is not delayed or soft), the cardio- 
gram, and the site of the gradient in the right ventricle, which is too low for infundibular stenosis. 

The reason for the jerky, quick-rising pulse in the presence of left ventricular outflow obstruction 
is uncertain, but may be due to late contraction of the hypertrophied muscle, so that the initial 
portion of the maximal ejection phase of the left ventricle is rapid. This would also explain the 
late onset of the murmur. In Case | the variability of the character of the pulse would imply some 
alteration in the degree of obstruction from time to time. Such lability would explain the lack of 
aortic valve gradient at operation when previously an appreciable gradient had been measured. 

The Radiological Appearances. There is little specific about the cardiac silhouette in most cases, 
though prominence of the right atrium favours tricuspid obstruction and may be striking (Fig. 5B). 
Enlargement of the left atrium may occur, while left ventricular enlargement is very common. The 
really important sign is a negative one, the absence of calcification of the aortic valve in patients over 
the age of 40 years: this virtually excludes valvular aortic stenosis, though not of course congenital 
sub-aortic stenosis. 

The Electrocardiogram. The major features are signs of left ventricular hypertrophy with a deep 
S wave in lead V5 suggests that additional right ventricular hypertrophy. Signs of atrial enlargement 
are common, and the association of signs of much left ventricular hypertrophy with a striking right 
atrial P wave (which is uncommon in true aortic stenosis) is highly suggestive (Case 6, Fig. 10). 
T-wave inversion in central chest leads may be due to right ventricular enlargement, but in two of 
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our cases there were q waves suggestive of muscle necrosis in the septal region. 


branch block which was present in two of our cases. 
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This feature wo) 
accord well with the presence of massive septal hypertrophy and fibrosis, as would left bunc 


We do not consider that the cardiogram akc 


is sufficiently typical or consistent as to be diagnostic, but the association of the features mentio: 
with the clinical picture affords valuable help in diagnosis. 


DISCUSSION 
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In our first patient it is likely that the subvalvular obstruction was due to asymmetrical hyr -r- 
trophy of the left ventricle, but the cases published by Brock (1957) and by Bercu et al. (1958) sh »w 
that such obstruction may be produced equally well by concentric hypertrophy. Furthermore, th se 
authors showed that the hypertrophy might be familial or secondary to essential hypertensivn. 
It is thus clear that this syndrome of pseudo-aortic stenosis is likely to be associated with more than 
one cause of left ventricular hypertrophy and that the anatomical features too may be varied. 
Bercu’s patient both ventricles were greatly hypertrophied and the ventricular cavities represent 
by “mere uniform slits throughout their entire length”’: they had found it impossible at thoracoto: 


TABLE I 


FEATURES OF TRUE AORTIC STENOSIS AND OBSTRUCTIVE CARDIOMYOPATHY 
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Feature 


Obstructive cardiomyopathy 


True (valvular) aortic stenosis 





Family history 


May be familial 





Symptoms 


Dyspneea, angina, syncope 


Dyspneea, angina, syncope 





Arterial pulse 


Quick upstroke, jerky. Prominent 
tidal wave 


Anacrotic 





Cardiac impulse 


May be quiet and diffuse 


Strong left ventricle 





Systolic ejection murmur 


Maximal internal to apex beat 


Maximal at aortic area (or apex) 











Reversed split of 2nd heart sound | Rare Common 
Systolic click Occasional Not infrequent 
Aortic diastolic murmur Not found Not uncommon 





Mitral diastolic murmur 


Not uncommon 


Not uncommon 





Prominent a wave in jugular venous 
pulse 


May be striking 


Unimpressive unless 


hypertension 























Atrial sound | Common | Unusual 
Right atrial P wave in EC Common Rare 
Prominent S wave in lead V5 in EC | Frequent | Less common 
Central precordial T wave inversion | Common Less common 
in EC | 
Aortic valve calcification | Never seen | Common; invariable after age of 4( 
Enlargement of right atrium | Common | Unusual al 
Right heart catheterization Pressure gradient in body of right | No gradient 


ventricle 





Left heart catheterization 





Gradient across left ventricular 
outflow tract may be variable 


pulmona 


Gradient constant across aortic 


valve 





EC=electrocardiogram 
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to obtain a pressure tracing with a needle thrust into the left ventricle. In Brock’s patient, autopsy 
showed “gross concentric hypertrophy extending right up to the subvalvar region”: the cavity of 
th: ventricle, however, was large enough to permit an expanding dilator to be opened freely in the 
o1 ‘flow tract at operation. Whether it would have been possible to help these patients by resection 
of the sub-valvular region is impossible to say, since it was not done, but at least in Bercu’s patient 
th ; seems very unlikely. However, our own patient (Case 1) who was operated on has done so well 
th t it seems possible that in some patients this syndrome may be operable. 

But many patients with pseudo-aortic stenosis may be inoperable for one reason or another, even 
w h open-heart surgery, and the problem of diagnosing them from patients with operable lesions 
is m important one. Table I shows the main distinguishing features. Undoubtedly, the normal 
u| troke time of the arterial pulse, and over the age of 40 the absence of aortic valve calcification, 
ai two of the most important differential points. In all our patients, and in Bercu’s also, the 
sy olic thrill and murmur were appreciated best internal to the apex, not at the base, and we find this 
a ery helpful point. This distribution of the murmur has given rise to confusion with mitral 
re. irgitation and occasionally with ventricular septal defect. In those patients with evidence of 
ob truction to right ventricular inflow, such as an augmented a wave in the venous pulse, right atrial 
P -ave on the cardiogram, and a large right atrium on X-ray, the distinction from true aortic 
ste iosis has been even more clear. We have observed (Hollman et a/., 1960) such signs in several 
mc nbers of the family of whom two died suddenly and were found at autopsy to have asymmetrical 
hy ertrophy of the left ventricle (Teare, 1958). The pressure gradient, low in the right ventricle in 
two of the patients in the present series, we ascribe also to the hypertrophied septum. 

Awareness of the condition is essential, for diagnosis principally depends upon the association 
of he clinical signs already mentioned, supported by radiological, electrocardiographic, and phono- 
cardiographic studies. The most helpful additional investigation is right heart catheterization, 
which may reveal a gradient in the body of the right ventricle. 

Probably the most difficult aspect in differential diagnosis will be to separate these cases from the 
occasional patient with a sub-aortic diaphragm in whom the arterial pulse is normal. This latter 
combination is known to occur (P. Fleming, personal communication). A really clear delineation 
of the outflow tract of the left ventricle is possible by means of an angiocardiogram performed via 
percutaneous puncture of the left ventricle (Bjork et al., 1958), and this may prove to be the method 
of choice, for venous angiography may fail to show the left ventricle sufficiently well. However, 
the great improvement achieved in our Case | by operation may make this differentiation somewhat 
academic, although on the other hand two patients operated on by Morrow and Braunwald (1959) 
did not have any muscular obstruction that could be removed. In the present state of our know- 
ledge, we would be reluctant to advise operation in the presence of evidence of obstruction to the 
right side of the heart also. 

The term functional aortic stenosis has been used both by Brock (1957, 1959) and by Morrow and 
Braunwald (1959) and deserves some comment. Their reasons for this designation lay in the fact 
that the outflow tract of the left ventricle was not appreciably narrowed anatomically, as shown at 
operation by the ready passage of instruments or the finger through it. They visualized the outflow 
tract becoming greatly narrowed in systole only. However, this could not occur without some 
hypertrophy of the ventricle (which was present in their patients) and so did constitute a real anato- 
mical lesion, even if less than they expected. Moreover, in our Case 1 the anatomical obstruction 
was quite obvious. We think, therefore, that the term functional is somewhat misleading and would 
be better abandoned. 

SUMMARY 

The term obstructive cardiomyopathy is proposed to describe a condition of massive ventricular 
hypertrophy that obstructs the outflow pathway of the left ventricle and mimics aortic stenosis. The 
disorder may also produce obstruction to right ventricular outflow or inflow. The aetiology, 
Clinical features, results of special investigations, and treatment are discussed with special reference 
to the differential diagnosis from true aortic stenosis. 
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ADDENDUM 


Since preparing this paper, two additional and similar cases masquerading as aortic stenc 
have been reported by Soulié et al. (1959); one of them came to necropsy and showed gr 
hypertrophy of the septum. 


Since this paper was written V. O. Bjérk (personal communication) has told us of two patie ° 


in whom subaortic stenosis was produced by an abnormally placed anterior mitral leaflet. 1 
physical signs were similar to those in our own cases in that the bruit was loudest near the a; 
and the pulse had a normal upstroke. The abnormal leafiet was clearly seen in left ventricu 
angiocardiograms, which also showed slight mitral regurgitation, and its presence was confirmec 
operation in both cases. 

This illustrates our point that aortic stenosis may be simulated by more than one pathologi 
entity. 

We are very grateful to Professor A. V. Neal and Dr. D. H. Davies who kindly referred Case 6; to Dr. F. R 
for allowing us to see the cine-angiocardiogram; and to Dr. D. Lewes, who referred Case 1. 
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Between August 1954 and May 1957, 682 R.A.F. officers and men volunteered for a study of 
th: electrocardiogram after exercise. Of these, 660 were selected because they had no symptoms, 
nc -linical or radiological evidence of heart disease, a diastolic blood pressure of below 100 mm. Hg, 
an anormal 12-lead electrocardiogram taken at rest. Certain minor electrocardiographic changes 
th: are believed to have a good prognosis when unaccompanied by other evidence of heart 
dis ase (Packard et al., 1954; Manning, 1954) did not disqualify. The frequency of these changes 
wa: as follows:—Wolff-Parkinson-White syndrome (1), complete right bundle-branch block (2), 
incomplete right bundle-branch block (33), P-R of 0-2 to 0-23 sec, (11), and left axis deviation (10). 
In addition, slurring of R in lead I was present in 5 and minor anomalies of the T wave in 25. 

Four hundred and fifteen of the men were officers and 245 airmen. Their ages ranged from 
19 to 54 years (mean 37:2+5-6 years). A preliminary account of the first 540 cases has been 
published (Acheson, 1957) and a follow-up study is in progress. 


ELECTROCARDIOGRAPHIC TECHNIQUE AND CRITERIA 


After a standard 12-lead cardiogram had been recorded on a direct-writing instrument, the men 
ran down and up a staircase of 66 steps, each 10 inches high, under medical supervision. They were 
permitted to choose their own pace, but were instructed to complete the course as fast as possible 
without having to take a rest en route. The first 57 men in the 40-49 age group and all those 50 
years old or more performed a single trip; the remainder completed the trip twice. The time 
taken to cover the distance was recorded by stop watch. The 531 men who performed the double 
test took an average of 85-3+15-4 seconds. The 109 men who did the single test took an average 
of 48-6+14-4 seconds. There were no accidents. 

The tracings after exercise were repeatedly recorded in series (I, I, III, V4, V5, V6) commencing 
1 minute, 3 minutes, and 6 minutes after completion of the exercise. Deviations of the RS-T 
segment were measured using the junction of the P-R segment with the QRS complex as the point 
of reference, thus avoiding errors due to a negative auricular T wave (Scherf and Schaffer, 1952). 
Measurements were taken from three successive complexes where the baseline was steady, the 
mean was calculated and recorded to the nearest half millimeter. 

RS--T junction (‘‘J”’) depression was defined as depression of the junction between RS and T 
when the remainder of the RS-T segment sloped upwards to the peak of the T wave (Fig. 1A). 
RS-T segment depression was defined as flat or sagging depression of the whole RS-T segment 
(Fig. 1C). In 5 tracings it was impossible to make the distinction between “‘J’’ depression and 
depression of the RS-T segment as defined (Fig. 1B). These cases were, therefore, relegated to the 
unclassifiable group (Group D). T waves were classified as upright, iso-electric, or negative. 
When T-wave anomalies occurred after exercise without RS-T segment depression they were termed 
“isolated T-wave changes” (Fig. 1D). 
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Fic. 1.—(A). 1-5 mm. depression of the RS-T junction ‘‘J”’, sloping upwards 
to a normal T wave (Group A). It is maximal immediately after ~ 
exercise. (B.) One of the rare instances when distinction between ‘‘J” 
depression and RS-T segment depression was difficult (Group D). 
(C.) Sagging depression of the whole RS-T segment is followed by frank 
inversion of T (Group B-2). (D.) Isolated inversion of T. No RS-T 
segment depression (Group B-1). 


RESULTS 


As a result of an analysis of the electrocardiogram after exercise 90 cases (13-6 per cent) were 


set aside for further study. Of these, 78 showed at some point at least one of the following chang 
in one or more leads other than lead III: (1) 0-5 mm. RS-T segment depression; or (2) iso-electric 
negative T waves. 


three accepted and a second tracing after exercise was obtained. 
ings had shown RS-T segment depression of at least 1 mm. or iso-electric or negative T waves « 
the first occasion were likely to show comparable anomalies on a second occasion (Fig. 2), but th 
eight of those who had shown RS-T segment depression of only 0-5 mm. initially had no RS-T depr: 
sion after the second exercise test. It was therefore possible to distinguish between a consisten 
anomalous group (Group B) and a borderlir group (Group C). The criteria for inclusion 
Group B are similar to those adopted by Wo _— etal. (1950) for the diagnosis of myocardial ischem 
from the post-exercise electrocardiogram v. patients with chest pain. 
that were unclassifiable (Group D). The vast majority of the tracings (which showed neith 
depression of the whole RS—T segment nor T wave changes) were classified in Group A (Table 
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In 12 cases the tracings were unsatisfactory owing to variation in the baseline. 
To determine the reproducibility of the changes, all 90 men were invited to attend again. Sixiy 
It was found that men whose tra 
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Fic. 2.—Case 895 (Group B-2). (A.) 8.4.57. (B.) 15.4.57. These tracings illustrate the reproducibility of the 
anomalies after an interval. Note the similarity of the changes to those in Fig. 6. 


In view of the finding of Robb and his colleagues (1956) that patients with isolated T wave changes 
afier exercise have as good a prognosis as those with normal tracings, it was decided to separate 
these from the remainder of Group B. The final classification adopted is shown in Table I. 


TABLE I 
CLASSIFICATION OF THE ELECTROCARDIOGRAMS AFTER EXERCISE IN 660 APPARENTLY HEALTHY MEN 











Group Definition No. Per cent 
A No depression of the RS-T segment; no iso-electric or negative 
T waves a oe * = ¥e c os me 570 86-4 
B (1) Iso-electric or negative T waves without RS-T depression a 14 2-1 
(2) RS-T segment depression of 1 mm. or more, or of 0-5 mm. with 
iso-electric or negative T-waves ee Re ae oi ae 31 4:7 
c RS-T segment depression of 0-5 mm. without iso-electric or negative 
T waves * ae e. be 4 an - ne oe 25 3:8 
Unclassifiablet .. di ne Ne = a oe — 20 3-0 
Total .. AF 660 100-0 





* Included 7 subjects with RS—T depression limited to leads II and III. 
+ Eight cases with 0-5 mm. depression on first occasion and normal tracings on second; 5 cases with unclassifiable 
RS-T depression (Fig. 1B); 7 cases with marked baseline variation, and a suspicion of RS-T depression. 


Age. The age distribution of the men with anomalous tracings after exercise is given in Table II. 
RS-T segment depressions are commoner in the older age groups; isolated T wave anomalies are not. 
In interpreting the apparent increase in frequency of RS-T segment depression with age, the 
complication arises that the subjects of the survey were not all obtained by exactly the same method. 
The first 300 men (aged 19-39) were successful applicants for extension of service and had just 
2F 
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passed a medical board. The next 240 volunteers (aged 40-54) were obtained by station medic | 
officers and this sample contained more airmen and fewer officers. To test whether the high r 
frequency in the older men was due to differences other than age, a third sample of 120 men frc n 
30 to 54 years of age was obtained from the station medical officers. When the two samples frc n 


TABLE II 
THE RELATIONSHIP OF THE TYPES OF ANOMALY TO AGE 





| Total No. 





| | | RS-T | Isolated 
Age Total No. | cases RS-T Per | depression | Per T-wave | Per 

group | of cases | depression | cent | Imm.or | cent changes cent 

| | | more | | 
19-24 | “Se 3 | (8-6) ee eS 1 | (1-2) 
25-29 64 2 | G2 | 1 | (1-6) 3 | (47) 
30-34 | 151 3 (20) | $ | of 7 4 | (2-6) 
35-39 78 6 (7-7) 1 | 3) | 2 | (26) 
40-44 126 17 (13-6) | 7 (5-6) 1 (0-8) 
45-49 99 14 (14-0) | 8 (8-0) | 3 (3-0) 
50-54 59 | 11 (18-6) | 4 (6°8) 0 (0-0) 

} | 1 | 





the stations were combined (360 men aged 30-54) an increase in RS-T segment depression wiih 
age was again demonstrated. The overall frequency in the age group 30-39 was 7 per cent (5 
cases in 76); for the 40-54 age group it was 15 per cent (42 cases in 284). For RS-T depression 
of 1 mm. or more the proportions were 1-3 per cent and 6-7 per cent respectively. In both cases, 
the difference between the percentages is significant (P<0-05>0-01). It has been concluded that 
age is probably one factor in the higher frequency of RS-T segment depression in older men. 


PATTERNS OF RESPONSE OF ELECTROCARDIOGRAM AFTER EXERCISE ~ 


(a) Isolated T wave Changes. Iso-electric or negative T waves without RS-T depression occurred 
in 14 cases (Group B-1). These changes were seen most commonly in lead V6, less commonly 
in V5 and II, and rarely in leads I and V4. Inversion was always shallow and never exceeded 
1:5 mm. True inversion was never seen in lead I. 

(b) RS-T Segment Depression. Fifty-six men showed RS-T segment depression of 0-5 mm. or 
more (Groups B-2 and C). In every instance this was accompanied or followed by a demonstrable 
change in the shape of the T wave. The depression was most commonly seen in V6 and became 
progressively less frequent across the chest from left to right. It was common in lead II, but 
rare in lead I, and when present was less than 1 mm. (Fig. 3). 

In seven cases depression was limited to lead II. These were the only cases in which there was 
an obvious relationship between the type of post-exercise response, and the electrical position of 
the heart. All seven had vertical heart patterns in the unipolar leads with an S wave in lead I 
and a tall R wave in leads II and III. 

The most common type of T-wave anomaly encountered in association with RS-T segme 
depression was a deformity of the ascending limb of the T wave, but a definite negativity was se: 
on 35 occasions. An iso-electric T occasionally accompanied RS-T segment depression in oth 
leads. The maximum change in T usually occurred later than the maximum degree of RS-T depr« 
sion and some deformity was often still apparent when RS-T depression had disappeared. 

(c) Depression of “J”. Transitory depression of “‘J”’ after exercise was extremely comm: 
(Fig. 4). A special study of it was made in the last 120 consecutive cases. Owing to the obtu 2 
angle between the upstroke of S and the ascending limb of T in these cases it was impossible 
measure accurately degrees of depression of ““J”’ less than 1 mm. Fifty per cent of the 120 tracin 
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: Fic. 4.—These two tracings illustrate the normal response of the electrocardiogram to exercise. (A.) Case 808, marked 
cin 3 ‘‘J” depression 1 minute after exercise which quickly diminishes: heart rate one minute after exercise 55. (B.) 
**J”’ depression absent; heart rate one minute after exercise 150. 
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analysed had “J” depression of 1 mm. or more in at least one lead. It is commonest where a 
large S wave is usually found, occurring not at all in lead I; in 18 per cent in lead II; 39 por 
cent in V4; 33 per cent in V5; and 10-5 per cent in V6. 

The contrast between the pattern of distribution of ‘‘J”’ depression and RS-T segment depressi: n 
was striking. While RS-T segment depression became progressively more common from lead ‘ 4 
to V6, the reverse was true of *“‘J”’ depression. There was also a marked contrast in the tempo: il 
evolution of the two types of depression. ‘‘J’’ depression was invariably maximal in the init il 
post-exercise tracing and almost always declined rapidly. On the other hand, RS-T segme it 
depression was seen in only two cases in the initial recording. In the remainder it did not appe ir 
until at least 3 minutes after exercise and in 40 cases it was still present after 6 to 74 minutes. 

It has been said that “J” depression is related to the tachycardia that commonly follo\’s 
exertion (Scherf and Schaffer 1952). Fig. 4B illustrates that other factors are also involved. 

(d) Arrhythmias after Exercise. A frank arrhythmia after exercise was noted in four instanc:s 
(0-6 per cent). One man showed the typical pattern of accelerated atrio-ventricular conducticn 
at rest (Wolff-Parkinson-White syndrome). After exercise, accelerated and normal conducticn 
was seen in alternate beats. There were also short runs of ventricular tachycardia. Another 
subject developed a paroxysm of atrial fibrillation which ceased five minutes later. A third man 
showed long periods of alternating nodal and sinu-atrial beats; and a fourth exhibited short runs 
of ventricular tachycardia. The last two subjects mentioned also developed isolated T-wave 
changes in their post-exercise tracings. 

One or more ectopic beats were recorded at rest or after exercise in 109 cases (16-5 per cent). 
In 13 (2 per cent) they were observed on the resting tracing and were abolished by exercise; in 
18 cases (3 per cent) they were present both at rest and after exercise. In 78 cases (12 per cent) 
they were absent at rest but present after exercise, when they were usually seen in the early part 
of the tracing when the tachycardia was greatest. 


PLASMA CHOLESTEROL 


After the electrocardiographic study had been completed, plasma cholesterol was determined 
in 32 men in Group B and in 98 members of Group A. The remaining 13 men in B had either 
been posted to remote stations or abroad, or refused the blood examination. The sample from 
Group A was derived by selecting a batch of men to match the age of each man in Group B. Figures 
for 12 men in Group C (257:2445-2 mg. per 100 ml.) have been excluded because, owing to an 
oversight, 6 of the 25 men in this Group were not given an opportunity to attend for this examination. 

Eighteen millilitres of venous blood were taken in a dry syringe at least two hours after the last 
meal and placed in a container with 3 ml. of acid citrate dextrose buffer. The cholesterol was 
extracted by Bloor’s method (1916) and estimated by the Lieberman-Burchard (1885) colorimetric 
method. The biochemist was given no information about the origin of the specimens until the 
analyses were complete. 

The number of specimens, the mean plasma cholesterol together with the standard deviatio., 


TABLE III 
THE PLASMA CHOLESTEROL IN VARIOUS ELECTROCARDIOGRAPHIC GROUPS 











| | | 
| Number of | Mean cholesterol mg. | S. D. mg. 
Group cases per cent | per cent Mean age 
_ 98 | 254-9 +40:3 406 2~—O 
B 32 267°6 +40:1 41:3 
aaa 6 | 230-7 +21-4 30:5 
B-2 26 276-2 | +42-0 43-9 
Total | 130 | Average 258-0 | 7 


+42-0 | 40-8 
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and the mean age in each group are shown in Table III. 
pe: 100 ml. which is substantially higher than that found by Oliver and Boyd (1953) in apparently 
he \Ithy British men and by Keys et al. (1950) in symptomless American men of comparable age, 
bi lower than that found in a survey of American Army officers (Jencks et al. 1956). 
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Fic. 5.—The range of plasma cholesterol in 130 men from Groups A and B. 
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The means and standard deviations are indicated. 


In view of the evidence (Keys et al., 1950; Lawry et al., 1957) that in men cholesterol increases 
from youth to middle age, the relationship of cholesterol to age was examined in our material. 
Although a slight trend in favour of an increase with age was noted, it was not significant in this 


small series. 
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The mean for the series was 258+42 mg. 


From Table III it can be seen that the mean plasma cholesterol is higher in Group B than in 
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Group A. This difference is not significant (P>0-05). It is interesting, however, that whe 
Group B is subdivided, the difference between the means of Group B-2 and Group A is significa: : 
(P<0-05>0-01). In case the slightly higher mean age in Group B-2 contributed to this differenc: . 
each man in Group B-2 was matched against the mean cholesterol of all the men of similar age | 
Group A. A difference of the same statistical order was again demonstrated. Scatter diagran ; 
of plasma cholesterol in the various electrocardiographic groups are shown in Fig. 5. 


NEGATIVE EVIDENCE BEARING ON THE SIGNIFICANCE OF THE CHANGES IN GROUPS B AND C 


The fact that 57 men aged 40-49 years mounted the staircase once and 168 men of comparab > 
age performed the double exercise test gave an opportunity to study the effect of the amount « f 
exercise on the frequency of anomalous post-exercise tracings. The yield of anomalies was simil:r 
after the single and double tests. 

The time taken by each man to complete the exercise was also studied. No significant difference 
in rate of exertion between Group A and Groups B and C was found in any age group. The 
groups were also compared with negative results in respect of rank, height, weight, and the amount 
of physical exercise taken in the previous three months. 

A comparison of the prevalence of coronary artery disease in the families of the various groups 
in the first 540 cases revealed a materially higher prevalence in the relatives of men in Groups B 
and C (Acheson, 1957). Although a trend is still present for the completed series, the difference 
in familial prevalence of coronary artery disease between Group A and Groups B and C in the 
completed series is not statistically significant. 

Following the results of Wasserburger and Lorenz (1956), an attempt was made to reproduce 
the changes seen in Groups B and C by hyperventilation. Nine patients were studied, two from 
Group B-1, two from Group B-2, and five from Group C. In no instance did hyperventilation 
produce measurable RS-T segment depression or iso-electric or negative T waves. 

Observer Error. The problem of observer error in electrocardiography has recently received 
attention (Thomas et al., 1958). It is not clear to what extent the reported divergencies have 
been due to true errors in observation, or to differences in interpretation of abnormalities 
that were agreed to be present. In this survey, the whole material was analysed twice by 
one observer (EDA) at an interval of more than a year. No reference was made to the first 
classification until the second was complete. As a result of the comparison it became clear 
that this observer found difficulty in distinguishing between “‘biphasic”’ and “‘inverted”’ T waves. 
The distinction was, therefore, abandoned and both anomalies were classified as “‘negative’’. In 
five cases, difficulty was experienced in deciding whether RS-T depression after exercise was limited 
to the RS-T junction or affected the whole segment (Fig. 1B). These cases were, therefore, relegated 
to Group D (unclassifiable). It was also found that two instances of RS—-T depression of 0-5 mm. 
had been missed on the first analysis. This was confirmed by an independent observer and they 
were classified in Group C. The composition of Group B was identical after each analysis. 


DISCUSSION 


The result of the survey shows that even when every precaution was taken to exclude persons 
with symptoms or signs of organic heart disease a few of the remaining men, all of whom appear d 
to be in good health, showed flat or sagging depression of the whole RS-T segment, or negative «r 
iso-electric T waves in cardiogram after strenuous exercise. Furthermore, when this depressic 1 
amounted to 1 mm. or more, it could be reproduced at a subsequent exercise test. This was usual y 
true of inverted or iso-electric T waves. However, RS-T segment depression of 0-5 mm. occurrit 2 
alone was not always reproducible. 

Negative or iso-electric T waves appearing after exercise in healthy persons have been report: 1 
on several occasions, particularly in lead II (Reindell, 1938; Tuttle and Korns, 1941; Barrow ar 1 
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Ouer, 1943; Ungerleider et a/., 1943). However, only two instances of depression of the whole 
R3-T segment in similar circumstances are known to have been described (Reindell, 1938; Wood 
ei al., 1950). According to Master (1950) such changes are due to excessive exertion. Within 
tts survey there is a singular absence of support for this contention. Thus, these anomalies were 
as common after the single as after the double exercise, and those men who developed them did not 
e) =rcise faster than those who did not, nor were they heavier, nor less accustomed to physical 
e) -rtion. 

The relative rarity of an electrocardiographic change does not by itself constitute a good reason 
fc assigning it pathological significance. This is particularly true of changes in the T wave which 
is 10tably labile and may be affected at rest by such factors as fright, cold, and posture (Levine, 
1°53). There is no reason to suppose that changes in the T wave alone after exercise are any more 
re able. Robb ef al. (1956) showed that patients with a typical chest pain and isolated T 
w. ve anomalies after exercise had as good a prognosis as did those with normal tracings. In 
oi. * material the majority of the instances of isolated T wave changes occurred in the younger 
mn. In four cases multiple premature beats or paroxysmal arrhythmias appear to have contri- 
bi ted to the changes. In view of these facts, it would appear unwise to attach much significance 
to them. 

The difficulty in interpreting the RS-T segment after exercise has always been to separate the 
p! ysiological effects of exercise from changes due to disease. The strongest argument for the view 
thit the depression of the whole RS-T segment that occurred in some of the men studied may 
be related to latent myocardial ischemia (rather than to the physiological effects of exertion) lies 
in its similarity to the depression seen in spontaneous attacks of angina pectoris. Thus, of the 
thirty-one reports that have been published of the cardiogram during spontaneous attacks of 
angina pectoris (Levy, 1929; Parkinson and Bedford, 1931; Siegel and Feil, 1931; Hall, 1932; 
Brow and Holman, 1933; Gray, 1934; Shapiro and Smyth, 1938; Wilson and Johnston, 1941), 
twenty-seven showed flat or sagging depression of the RS-T segment with elevation in the reciprocal 
lead in seven of these, three showed no electrocardiographic change during the seizure, and only 
one showed depression limited to the RS-T junction (Siegel and Feil, 1931). RS-—T segment depres- 
sion characteristically present in angina pectoris is seen in Fig. 6. Changes limited to the T wave 
have not, as far as we know, been reported under such circumstances. 

Wood (1950) has gone so far as to describe flat or sagging RS-T depression of at least 1 mm. 
after exercise as “‘ischemic type depression’’, thus inferring that it is a specific diagnostic change. 
Robb ef al. (1956) found that coronary occlusion developed subsequently nine times as fre- 
quently in patients with depression of the whole segment after exercise as in patients with no 
depression. The absence of chest pain in our subjects at the time RS—T changes were present does 
not necessarily negate our hypothesis as both Riseman ef al. (1940) and Wood (1950) have 
shown that angina pectoris patients may develop typical electrocardiographic changes without 
chest pain. Further support may perhaps be derived from the fact that RS-T segment depression 
is commoner in the older man (Table II). In view of the finding of Doyle et al. (1957) and Dawber 
et al. (1957) that men with a high blood cholesterol are more likely to develop coronary occlusion 
subsequently than are those with lower levels, the higher mean cholesterol in Group B-2 in our 
material is interesting. However, the difference is of borderline significance and much weight 
cannot be attached to it. 

It remains possible that a proportion of the examples of RS-T depression were due to some 
mechanism other than latent ischemic heart disease. Aortic valve disease and thyrotoxicosis 
were ruled out on clinical grounds and anemia was looked for but not found. Upper respiratory 
infections, gastro-enteritis, and the effort syndrome to which Master (1944) attributes some of his 
“false positives”’ were not present and it is highly unlikely that any of our men were taking digitalis 
or pitressin or were depleted of potassium (Levine, 1953). However, Packard (1952) has reported 
RS-T depression at rest both in the adults and children of a family without clinical evidence of heart 
disease and with a normal life expectancy. This indicates that such changes are not necessarily 
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Fic. 6.—The cardiogram in a spontaneous attack of angina pectoris; from left to right: before onset of pain; in the 
early stage of the attack; as the pain was subsiding; and five minutes after pain had ceased. 


specific. It is possible that temporary changes after exercise in the biochemical environment of 
the heart muscle may have been responsible but, if so, their nature is unknown and it remains 
to be explained why such changes should only occur in a small minority. In conclysion, it is fair 
to say that in 31 in Group B-2 the changes after exercise were such that, had the men suffered from 
chest pain, the electrocardiogram would have supported a diagnosis of ischemic heart disease 
(Fig. 1 (c), 3, and 4). 

The significance of ‘‘J’’ depression in the absence of other changes remains a subject of con- 
troversy. According to Wood (1950) it is a normal result of exercise. Others (Master, 1950; 
Scherf and Schaffer, 1952) believe that if exercise is carefully standardized, a figure can be set 
above which depression of “‘J’’ becomes a sign of ischemia. Figures have been mentioned from 
0-5 mm. (Master, 1950) to 2-0 mm. (Scherf and Schaffer, 1952). In this survey, “‘J’’ depression 
of 1 mm. or more was so common that it seemed reasonable to regard it as a normal response to 
strenuous exercise. The difference in its pattern of distribution as compared with RS-T segment 
depression supports the view that it is caused differently, but it is worth noting that depression of 
the whole RS-T segment is commonly preceded by “J” depression. An association between these 
two phenomena has also been noted by Myers and Talmers (1955). 

The subsequent clinical history of the whole group is being watched with interest and will be 
reported in due course. 


SUMMARY 


The results of an electrocardiographic survey are described. In a group of 660 men betw: 2n 
the ages of 19 and 54 selected for their fitness, 570 (Group A) showed no depression of the RS -T 
segment and no iso-electric or negative T waves. 45 (Group B) showed either depression of 
the whole RS-T segment of 1 mm. or more or flat or negative T waves or both, after strenu: 1s 
exercise. These changes were reproducible after an interval of weeks or months. This grc ip 
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was subdivided into 14 with isolated T-wave anomalies (Group B-1) and 31 with RS-T segment 
d:pression and T-wave anomalies (Group B-2). 

In addition, 25 men (Group C) showed border-line changes while in 20 instances (Group D) 
te tracings could not be classified. 

Plasma cholesterol was estimated in 98 men from Group A and 32 men from Group B. The 
r ean value was higher in Group B than in Group A, but the difference was not significant. How- 
e er, the difference between the mean value for Group B-2 and the mean value for Group A was 
ji st significant. 

Depression of RS-T junction (“J’’) of 1 mm. or more after exercise was found in 50 per cent 
c* 120 consecutive tracings in which it was studied. Figures are also given for the frequency of 
r inor anomalies in the resting cardiograms, and for ectopic beats and arrhythmias after exercise. 
1 he significance of these findings is discussed. 


The study is published by permission of the Director General of Medical Services. The authors wish to thank 
Ir. G. Mills of the Courtauld Institute of Biochemistry, Middlesex Hospital, for performing the cholesterol 
terminations. They also wish to acknowledge the cheerful co-operation of the officers and men of the Royal Air 
yrce. 
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SIR WILLIAM HUME 


William Errington Hume died on January 1, 1960, in his eighty-first year. He was born on Ji y 
14, 1879, the eldest son of George Haliburton Hume, Honorary Surgeon to the Newcastle Infirmar /. 
His father’s names show their Border ancestry for the village of Haliburton lies close to Hume, whc e 
castle-crowned hill dominates the beautiful valley of Tweed which he loved so well. 

Hume was educated at Repton and Pembroke College, Cambridge, before going on to the Lond: n 
Hospital where he clerked for Sir Bertrand Dawson, later Lord Dawson of Penn, with whom !.e 
formed a lifelong friendship. He graduated M.B., B.Ch. and was appointed to the Newcastle I: 
firmary in 1904, first as house surgeon and later as senior house physician, the post he held in 1900, 
when the present Royal Victoria Infirmary was opened. At this time he acted as secretary of tlie 
Honorary Staff and was deeply engaged in the transfer from the old hospital and the planning of 
the new. 

In 1908, his appointment as Assistant Physician was the start of a career in consulting medicine 
which made him famous in the north-east of England and beyond. He was an outstanding success 
as a teacher, and his ward rounds and museum classes, successfully wedding pathology and clinical 
medicine, were extremely popular. 

Heart disease was Hume’s main interest from the first. He used the ink polygraph in an analysis 
of the arrhythmias and later, in 1913, he brought the electrocardiograph to Newcastle. He pub- 
lished A case in which high speed of the auricles did not produce tachycardia (Quart. J. Med., 1912-13, 
6, 235)—one of the early descriptions of auricular flutter—and A polygraphic study of four cases of 
diphtheria (Heart, 1913-14, 5, 25). His work on the changes of rhythm and on the pathology of the 
heart in diphtheria was well known. Si 

In the first world war he became a Lieutenant-Colonel in the First Northern General Hospital 
T.F., but wanting a more active role he took a lower rank to join a Casualty Clearing Station. Later, 
he was posted to Boulogne to help Dawson at the base hospitals there. He did important work in 
the organization of centres for the treatment of soldiers with suspected heart dysfunction, then known 
as D.A.H., and with Dawson and Bedson on spirochetal jaundice among the troops. While at 
Boulogne, he met the lady who was to become his wife, the daughter of a distinguished officer of the 
French Army. Later he was appointed Consulting Physician to the Ist Army in France, and worked 
on poison gases. He was twice mentioned in despatches and received the honour of C.M.G. 

On his return from the army, he wrote about the effects of war nephritis and in the early 1920's 
about encephalitis lethargica. He soon became one of the leading physicians in the North of Eng- 
land. He lectured in pharmacology and medicine before succeeding to the Chair of Medicine in the 
Medical School of Newcastle. His lectures were models of sound practical instruction, vividly illus- 
trated by cases from his own practice which were presented in such a way that the student felt as 
though he were at the bedside with the lecturer. His ward rounds had the same fascinating quality 
and always drew a full house. 

His activities were not confined to Newcastle. The Royal College of Physicians made him Brac - 
shaw lecturer, and as his subject he chose Paroxysmal Tachycardia (Lancet, 1930, 2, 1055). He be- 
came Senior Censor of the College in 1941 and was appointed Harveian Orator in 1943. He spol > 
on The Physician in War—in Harvey’s Time and After and his sense of history helped him in tracir : 
Harvey’s journeys to the North with Charles I. He also examined in Medicine for the Universitic ; 
of Cambridge, Edinburgh, London, Liverpool, and Leeds. He was always described as a formic - 
able but kindly examiner, who insisted on a good clinical approach and had no use for the candidat : 
who knew all about the blood calcium but did not know how to obtain a knee-jerk. 
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428 SIR WILLIAM HUME 


After his retirement from the Honorary Staff of the Royal Victoria Infirmary in 1939 he moved o 
the Newcastle General Hospital which was expanding under the influence of Dr. John Charles, lat r 
Sir John, then Medical Officer of Health of the city, and was able to concentrate his interests « n 
cardiology, which he foresaw would need to be treated as a special branch of medicine. It w.s 
largely through his efforts that a Regional Cardiovascular Department was set up at Newcas e 
General Hospital. The plans were well advanced before the State took over and the inaugurati: n 
was held in 1950, unhappily in his absence for already his health had begun to fail. From this tir e 
he became increasingly invalid from arthritis and soon was unable to walk more than a short distanc >. 
Other disabilities followed in distressing sequence but his mind never flagged and remained clear ai d 
active to the end. He took great pleasure in research into local medical history and he compil d 
the history of the Infirmary for its bicentenary celebrations. 

Hume took an active part in the introduction of the National Health Service. He always mai.i- 
tained that a patient should have easy access to the best medical services, no matter where he live., 
and in those days there were many places in the industrial North where medical conditions wee 
somewhat primitive. He was one of the original members of the Regional Hospital Board and lie 
exerted himself in this capacity, and as Adviser in Medicine to the Board, to ensure that his views 
were heard. His active interest in the work of the young physicians who were appointed to the oui- 
lying posts was greatly appreciated. He was knighted in 1952. Professor F. J. Nattrass writes as 
follows. ‘“‘Hume’s hospital career began at so early an age and lasted so long that it was possible 
for a man now retired from hospital to think of him as teacher, colleague, and personal friend. He 
was appointed assistant physician to the Royal Victoria Infirmary at the age of 28 and full physician 
six months later; and in his thirties he was consulting physician to an army in France. There is food 
for thought when one compares the possibilities in these days.” 

Hume was one of the founders of the Cardiac Society, for on February 21, 1922, he wrote to John 
Cowan suggesting that those physicians who had been meeting to advise the Ministry of Pensions 
on matters relating to heart disease should be called together at the next meeting of the Association 
of Physicians. This meeting took place at Oxford with A. G. Gibson in the chair, and on April 22, 
1922, the Cardiac Club was born. Hume was our Chairman at the Newcastle meeting in 1926 and 
in the early days of the society he opened several discussions—on the effects of adrenalin in 1924, 
on the heart in diphtheria in 1932, and (with Cotton) on heart symptoms and gall-bladder disease 
in 1935. When he was again Chairman in 1953, he and his wife entertained the Council to dinner in 
their home before the Council meeting, and some of those present felt it might be the last occasion 
when such a dinner was served in such gracious style and surroundings in a private house. We were 
delighted that his health allowed him to preside at this meeting, for it was the last time that many 
of our members saw him. 

In appearance Hume was a typical Borderer. Tall and big-boned, he was an impressive figure 
and in later years his limp seemed to give him an added dignity. His features were strong and hand- 
some. The eyes were a steely blue and could be very disconcerting when they were levelled at his 
interlocutor until, as usually happened, his face softened into a charming smile. 

Country life and country people were much to his liking. He gave up golf for salmon fishirg 
in Tweed, where he was a well-known member of the angling fraternity centred round Cornhill ard 
Tillmouth. His generosity in giving his rod for the day to junior aspirants to the gentle art will lo: g 
be remembered with gratitude. 4 

Hume was a most lovable man who knew how to inspire those who worked with him with |! 
own consuming interest in clinical medicine. His residents, registrars, and nursing staff adored hi 1 
and in later years there were several moving reunions which gave him great pleasure. He was 0 2 
of the great clinicians of the first half of this century who blazed the trail that we are now followi 
and we shall not see his like again. 

To his widow, three daughters, and two sons, one of whom follows him in medicine, we exte: | 
our deep sympathy in their loss. 
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CASE REPORTS 
ISOLATED LAVOCARDIA WITH SITUS INVERSUS VISCERUM 
BY 


M. J. T. FITZGERALD* 
From the Department of Anatomy, St. Thomas’s Hospital Medical School 


In their recent study, Campbell and Forgacs (1953) divide cases of isolated levocardia with 
si is inversus viscerum into two groups. In the first, the venous atrium and the vene cave are on 
th right side of the heart as in the normal subject; in the second group, which has been reported 
le: ; frequently, the venous atrium and the vene cave are left-sided. These authors reported only 
tw) necropsies concerning the second group: their own, and that of Young and Griswold (1951). 
W_ have found three further reported cases with necropsy studies on the second group, and details 
of a sixth are recorded here. 


Case Report 


A girl, 2 years old, was admitted to hospital with symptoms of intracranial abscess. She had been 
cy:nosed since birth but showed normal physical development. The apex beat of the heart was in its normal 
position. X-ray examination showed evidence of transposition of the abdominal viscera, the gas bubble 
in the stomach lying on the right side (Fig. 1). The patient died suddenly a week after admission. 

Necropsy. An abscess, 2 cm. in diameter, filled the left cerebellar lobe. The abdominal organs, and the 
intrathoracic structures other than the heart, were transposed. The right lung had two lobes and the left 
three; the aortic arch was right-sided and the azygos arch left-sided. The circulatory arrangement is 
summarized in Fig. 3. 

The left-sided, venous atrium showed the usual pattern of crista terminalis and musculi pectinati, and the 
sinu-atrial node was in normal relationship to the crista. No coronary sinus could be found. The only 
visible cardiac vein crossed the posterior atrioventricular groove to enter the venous atrium. The right-sided 
arterial atrium received a persistent right superior vena cava in addition to the four pulmonary veins. The 
left atrioventricular valve was tricuspid and the right was bicuspid. The corpus of the left ventricle was the 
same size as that of the right: its conus, however, was absent, the cavity of this chamber being bounded above 
by a large crista supraventicularis. The only exit was through a ventricular septal defect that measured 
7x 5 mm. into the right ventricle; and the septal cusp of the tricuspid valve united through the foramen with 
the anterior mitral cusp. Both arterial trunks arose from the right ventricle (Fig. 2). The aortic valve had 
three cusps; the valve at the stenotic pulmonary orifice had two thick cusps. A patent ductus arteriosus 
joined the right branch of the pulmonary artery. 


Discussion 


Campbell and Forgacs’ (1953) case is very similar, but in our case there was a right superior vena cava 
which entered the arterial atrium at the point where the oblique vein of the atrium normally commences. 
The absence of a coronary sinus suggests that the left horn of the sinus venosus was absorbed into the common 
atrium during development. McCotter (1916) has described an earlier phase in the absorption process, 
with a persistent caval vein entering a coronary sinus which communicated freely with both atria. 

Comparison of the present case with the five others alluded to, reveals that the major differences between 
them concern their outflow channels; these are depicted in Fig. 4. These variations evidently arise from the 
manner in which the aortico-pulmonary septum has been laid down. In the hearts described by Hickman 
(1869) and Young and Griswold (1951), torsion of the septum seems to have been normal. In that recorded 
by Taussig (1947), failure of torsion has led to uncorrected transposition of the great vessels. The heart 


* British Medical Association Research Scholar. Present address: University College, Cork. 
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Fic. 1.—Chest X-ray, showing gas bubble in the Fic. 2.—Photograph of the interior of the right ventricle. 
stomach on the right side, and levocardia. C.S., crista supraventricularis (right extremity). 
I.V.F., interventricular foramen. P.O., pulmonary 

orifice. S.V.C., superior venze cave. 


here described links these three with those of Campbell and Forgacs (1953) and Muscovitz et al. (1952) in 
which the septum has undergone counter-torsion, returning the pulmonary trunk in the last case to full com- 
munication with its own ventricle. 

The coronary artery in the case of Muscovitz et al. was single. They postulate detorsion followed by 
countertorsion of the aorticopulmonary septum to account for the distribution of the artery. The other 
cases quoted here showed no evidence of any such migration of the septum. The coronary cusps in t:e 
present case were some 290° out of alignment with the normal (Fig. 4), but the distribution of the two vess« ! 
showed no unusual features. 
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Summary 


oe 


Necropsy findings in a case of isolated levocardia with situs inversus viscerum are reported. The he 
showed transposition of its chambers. Comparison with the findings in five similar cases indicates a gre 
variability in the disposition of the aorticopulmonary septum in this condition. 
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I am grateful to Dr. R. Barry and Dr. R. A. Daly of St. Finbarr’s Hospital, Cork, for the case notes and autor y 
material; to Professor MacConaill, and Dr. R. Kiely of University College, Cork, for helpful discussions; and to P: - 
fessor D. V. Davies for his criticisms of the manuscript. 
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Fic. 3.—Diagram of the circulation. 
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Fic. 4.—Diagrams of the outflow channels of the 
six autopsied cases of isolated levocardia 
with transposition of cardiac chambers. 
The smaller vessel in each is the pulmonary 
artery. The arrows indicate the disposition 
of the aorticopulmonary septum. The 
interventricular septum in the last case 
(Muscovitz et al.) was rudimentary. 
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LAVOCARDIA WITH TRANSPOSITION OF THE ABDOMINAL VISCERA 


BY 
MAURICE CAMPBELL 
From the Cardiac Department, Guy’s Hospital 


Levocardia with transposition of the abdominal viscera is uncommon, and Fitzgerald’s (19: 0) 
report of such a case with a necropsy has stimulated me to report another. Both cases belong to 
the less common group where the P wave in lead I is inverted and the venous atrium and the vere 
cave are on the left side. This means that the vene cave at least are transposed in the same way as 
the abdominal viscera, but not necessarily the atria, for the atrium on the left may be a real left 
atrium functioning as a venous atrium rather than a transposed right atrium. 

Our patient was 14 years old when he was investigated, and later he was reported as Case 3 
by Campbell and Forgacs (1953). He got on well till he was 20 when he developed subacute 
bacterial endocarditis. He was cured of this infection, but died the following year in 1957 with 
congestive heart failure. 


For the result of the investigations, we quote from our earlier paper with some omissions. ‘Cardiac 
catheterization from the left arm proved that the superior and inferior venz cave were on the left and drained 
into the left atrium. From here, the catheter entered a venous left ventricle. It passed also, through a 
large atrial septal defect, into the right atrium, which received one and probably all of the pulmonary veins, 
and from the right atrium into the right ventricle, in both of which the oxygen saturation was higher (78- 
80°%) than on the left side of the heart (66-68%%). Neither aorta nor pulmonary trunk could be entered, 
but the oxygen saturation of 78 per cent in the aorta showed that it came mainly from the right ventricle, 
which had the same systolic pressure as the systemic arteries. Angiocardiography confirmed that the 
venous atrium was on the left and that there was a large veno-arterial shunt from left to right, so that the 
heart seemed generally filled at 3 seconds. The aorta, situated well to the right and with a right-sided arch, 
became opaque at 4 seconds. The pulmonary trunk was not seen but the pulmonary arteries became 
opaque between 2 and 4 seconds.” 

All these findings were substantially confirmed by the necropsy and extended by three additional points. 
(1) We thought that the aorta arose “mainly from the right ventricle”: in fact it arose entirely from this 
chamber. (2) We did not know where the pulmonary trunk originated: it arose from the left ventricle. 
(3) We thought he had pulmonary stenosis, because the systolic pressure in the venous (left) ventricle was 
higher than that in the arterial (right) ventricle (128 against 107 mm. Hg) and there was a large left-to-right 
(veno-arterial) shunt, though it seemed to be-mainly at atrial level. In fact, he had a double stenosis, both 
at the pulmonary valve and 1 cm. lower in the infundibulum. 


At necropsy, the heart weighed 470 g. It was rather centrally placed with the apex pointing 
to the left, and the abdominal viscera were transposed. The superior and inferior vene cave were 
both on the left side, and entered the left (venous) atrium, which measured about 4 by 4-5 cn. 
This communicated with a larger right (arterial) atrium, about 6 by 6 cm., through a large at: al 
septal defect, measuring 2:2 by 1-2 cm. It also communicated with a small posterior | ‘ft 
ventricle, about 2 by 5:5 cm., through a valve that was tricuspid, though one cusp Was mvch 
smaller than the other two. 

Posterior and to the left of the attachment of this valve there was a small obstructed outflow tr ct 
leading to the stenosed pulmonary valve. Below and to the right was a ventricular septal defe +; 
this was at the usual site and measured 1:4 by 0-6cm. The outflow tract was obstructed by a fi m 
ridge that did not encircle the whole tract, and was further obstructed by vegetations: there was 10 
encircling diaphragm as in many cases of infundibular stenosis. Above this there was a wide sac: u- 
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lated chamber, about 1 cm. long, ending in a second obstruction at the valve. The pulmonary 
rir g was small and partly calcified, and the opening was only 5 mm. in diameter. The valve was 
of the usual dome shape and was made up probably of three cusps, though we could not be certain 
at put this: it was ringed by vegetations and further obstructed by clot. Above this the pulmonary 
tri nk divided into quite wide left and right pulmonary arteries. 

The pulmonary veins entered the larger right (arterial) atrium, which led through a bicuspid 
va ve to the large anterior right ventricle. This occupied nearly all the anterior aspect of the heart 
an | measured about 6°5 by 8-5 cm. The aorta arose from this large right ventricle and the valve 
ha | three cusps. The aorta was smaller than normally, arched to the right, and pierced the dia- 
pt agm behind and to the right of the inferior vena cava. 

The mitral, tricuspid, and pulmonary valves all had firm verrucose vegetations suggesting that 
th: infection had been cured. 

The liver (on the left) was congested and weighed 2580 g. The spleen (on the right) was firm 
an congested and weighed 500 g. No other congenital malformation was found. 


Discussion 

It is satisfactory that even in such complex cases, modern investigations can establish several 
of he main abnormalities, though nothing but a necropsy can be decisive and fill in all the details. 
Ca npbell and Forgacs (1953) concluded that the malformations in isolated levocardia were nearly 
aly. ays multiple, atrial and ventricular septal defects, pulmonary stenosis or atresia, and transposi- 
tio. of the main vessels all being common in various combinations. 

This case and the one reported by Fitzgerald (1960) add two more to the small number of cases 
with necropsies. Both had ventricular septal defects and pulmonary stenosis: ours had also a 
larve atrial septal defect, but Fitzgerald’s had not. As in several cases, the cyanosis and functional 
defects are caused by these added malformations, for without them the circulation in our patient 
should have functioned normally and he should have been acyanotic, the systemic venous blood 
passing to the pulmonary arteries and the blood from the lungs passing to the aorta as normally. 

Fitzgerald (1960) suggests that the main differences are in the arrangement of the aorta and 
pulmonary trunk from the ventricles. Our case resembles that of Muscovitz et al. (1952) which 
he quotes, since the aorta arose from the right ventricle and the pulmonary trunk from the left 
ventricle. 


I should like to thank Dr. Danino for the clinical account of his last illness and Dr. Mary Sharp for her account 
of the necropsy and for sending me the heart to examine. 
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DISSECTING ANEURYSM OF THE CORONARY ARTERY IN 
ARACHNODACTYLY 


BY 
FLORENCE MCKEOWN 


From the Department of Pathology, Queen’s University of Belfast 


A variety of cardiovascular lesions has been described in association with Marfan’s syndroi ie, 
and these account for the sudden and premature death that occurs not infrequently in patie its 
suffering from this disease. The following case is recorded as an example of arachnodactyly 
complicated by medial necrosis of the coronary vessels, leading to a dissecting aneurysm, with 
death from acute myocardial infarction. 


Case Report 


The patient was a young man, aged 21. Before his present illness his health had been good, except for a 
minor abdominal injury sustained 9 years previously. Three days before admission to hospital, he developed 
a pain in the left side of his chest which radiated down his left arm. The pain was sharp and stabbing and 
persisted for two days, after which it eased off for some hours. He-then became more acutely ill, and when 
admitted complained of severe abdominal pain that recurred intermittently and was accompanied by 
vomiting. 

On examination he was very pale and shocked, and lips, hands, and feet were cyanosed. Arachno- 
dactyly was noted, but there were no other stigmata of Marfan’s syndrome. The radial pulse was not 
palpable and the blood pressure was unrecordable. The venous pressure was raised and the cervical veins 
pulsating. The apex beat was visible in the fifth left interspace three inches from the sternum, and the 
heart rate was 120 a minute. A harsh systolic murmur was heard over the precordium. An electro- 
cardiogram showed the pattern of a large posterior myocardial infarct. The patient’s condition deteriorated 
rapidly and he died four hours after admission. 


Necropsy 

The main pathological findings were confined to the heart, which weighed 300 g. Externally there 
was subepicardial hemorrhage along the. posterior atrioventricular groove. The right atrium was 
moderately dilated and showed the presence of a transverse tear in the endocardium, 2 cm. in length, 
situated just above the medial cusp of the tricuspid valve and below the opening of the coronary sinus. 
Necrotic muscle and blood clot extruded from the tear (Fig. 1). The right ventricle, pulmonary arteries, 
left atrium, and mitral valve appeared normal. The left ventricle was dilated and the wall was rather 
atrophic. A ragged tear was found in the posterior wall of the left ventricle close to the mitral ring. 
The surrounding muscle was soft and friable, and though little altered in colour appeared to be the site cf a 
recent infarct (Fig. 2). The rupture did not extend through the wall of the ventricle to the external surf..ce 
but communicated with a track that traversed the upper part of the interventricular septum posterio ly, 
to the wall of the right atrium and terminated in the endocardial tear already noted in this cavity. Mac o- 
scopic examination of the coronary arteries revealed no atheroma. The right vessel was somewhat dile ed 
1 cm. from its origin, and appeared to be occluded by a thrombus at this level and for 2 cm. along its cou e. 

Microscopic Examination. A section of the right coronary artery at the level of occlusion reveale a 
large intramural hematoma which was bounded on its outer aspect by a few fibres of medial muscle, he 
external elastic lamina, and adventitial fibrous tissue, and on its inner aspect by an almost intact me: ia. 
The vessel showed slight intimal fibrosis and the lumen was virtually closed by the displacement inward: of 
the media due to dissection of the outer coats by blood (Fig. 3). This dissection extended along the vessel or 
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CORONARY ARTERY IN ARACHNODACTYLY 





Fic. 1.—Arrow denotes transverse tear in Fic. 2.—Left ventricle, with partially ruptured 
right atrium. The occluded right infarct in posterior wall. 
coronary artery is also seen. 





Fic. 3.—Right coronary artery, showing extent of 
dissection and compression of original lumen. 
(HLV.G. x 12). 


about 2cm. At its proximal limit the channel was narrow and surrounded by much fibrous tissue, but at 
its distal limit there was an abrupt breach in the medial muscle coat, which probably represented the point 
of emergence of the hematoma into the lumen. The surviving media in the vicinity of the dissection showed 
some degeneration with loss of muscle fibres and replacement fibrosis, but the extent of the dissection was so 
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great that it masked most of the evidence of pre-existing medial necrosis. Blocks of the coronary vessel: at 
a distance from the lesion showed a normal structure. 

Histological examination of the left ventricle confirmed the presence of a recent infarct in the poste: or 
wall. 


Comment 


Cardiovascular lesions have been reported in 30-60 per cent of cases of Marfan’s disease. It 
has been suggested by Goyette and Palmer (1953) that they may occur as isolated lesions in so 1¢e 
families with arachnodactyly and that all manifestations of the syndrome may not be prese tt. 
The association of cardiovascular lesions and arachnodactyly in the present case may represen a 
‘forme fruste” of the disease. 

The most common cardiovascular manifestation is involvement of the aorta by a dissecting or 
fusiform aneurysm. Valvular thickening also occurs with some frequency. Histologically ‘ 1¢ 
aortic media shows a deficiency of elastic and muscle fibres, and the changes are indistinguisha le 
from Erdheim’s medial necrosis. They have been attributed variously to a congenital defect of 
the media, to a developmental anomaly of the nutrient vessels, or to a disturbance in ground 
substance due to some primary endocrine disease. Sometimes the aortic dissection has been 
associated with extension into the coronary and carotid vessels, but the first case of primary extra- 
aortic dissection in this syndrome was recorded by Austin ‘and Schaffer in 1957: the innominate 
and right common carotid vessels were involved in their case. The present case is the first described 
with dissection restricted to the coronary system. The changes of medial necrosis were largely 
obscured by the extent of the dissection, nevertheless it is assumed they were the basis for its 
development. Histological examination of the aorta and other vessels showed no similar 
degeneration. M, 

Dissecting aneurysms have previously been described in the coronary arteries apart from 
Marfan’s syndrome: the most recent report is by Boschetti and Levine (1958) who noted cystic 
medionecrosis of the vessels in four patients, in one of whom a dissecting aneurysm and myocardial 
infarction had developed. Aneurysms of the coronary arteries in any form are rare and Crocker 
et al. (1957) in a comprehensive review could trace only 67 previously reported examples. 

The dissection in this case resulted in myocardial infarction in the territory of the affected vessel. 
Partial rupture of the infarct with dissection of blood through the wall of the heart to find an 
outlet in the cavity of the right atrium must be a most unusual sequence of events. This no doubt 
accounted for the sudden worsening of the patient’s condition, the raised and pulsating jugular 
venous pressure, and the terminal circulatory failure. 


Summary 


A case of arachnodactyly associated with a dissecting aneurysm of the right coronary artery and 
myocardial infarction is presented. The infarct allowed dissection by blood to occur from the 
cavity of the left ventricle into the cavity of the right atrium. 


Thanks are due to Dr. A. P. Grant of the Belfast City Hospital for access to the clinical notes of this patie xt. 
The photography is the work of Dr. D. Mehaffey, A.R.P.S. 


References 


Austin, M. G., and Schaffer, R. F. (1957). Arch. Path., 64, 205. 

Boschetti, A. E., and Levine, A. (1958). Arch. intern. Med., 102, 562. 

Crocker, D. W., Sobin, S., and Thomas, W. C. (1957). Amer. J. Path., 33, 819. 
Goyette, E. M., and Palmer, P. W. (1953). Circulation, 7, 373. 





ase. It 
n sO ie 
orese it. 
‘esen a 


ting or 
ally ‘he 
isha le 
efect of 
grouid 
is been 
y extra- 
yminate 
‘scribed 
largely 
for its 
similar 


tt from 
d cystic 
cardial 
“rocker 


1 vessel. 
find an 
» doubt 
jugular 


ery and 
‘om the 


$ patient. 








SACCULAR DISSECTING ANEURYSM OF THE ASCENDING AORTA 
BY 


G. H. B. BAKER AND B. S. L. KIDD 


From the Department of Pathology, The Queen’s University, and the Royal Victoria Hospital, Belfast 


Very few dissecting aneurysms having a saccular shape have been described. Our case poses an 
in eresting etiological problem. 


Case Report 


The patient was a 50-year-old man, first seen in February, 1958. He gave a history of breathlessness on 
ex rtion and palpitation for the previous six years. For two years he had experienced a dull aching pain 
at the right nipple area, not certainly related to exertion, and often troubling him in bed at night. On 
eximination atrial fibrillation was present, and the blood pressure in both arms was 130/100 mm. Hg. 
Although the jugular venous pressure did not appear raised, superficial veins coursed over the right side of 
the chest, which was prominent and pulsating. There was a striking thrill and systolic and diastolic 
murmurs were widely heard. 

An X-ray of the chest confirmed the diagnosis of aneurysm of the ascending aorta. Routine Wasser- 
mann and Kahn tests were negative. Treponemal and standard Wassermann and Price’s precipitation 
reactions were negative as was the treponemal immobilization test. 

On February 19 Mr. J. A. W. Bingham inserted between two and three hundred feet of steel wire (36 
standard wire gauge) into the aneurysm through a needle in the anterior chest wall. This was followed by 
some pyrexia. The patient was discharged home with considerable subjective improvement on March 30. 

He was re-admitted on July 28; the chest pain and breathlessness had become worse. On examination 
he was dyspnoeic and cyanosed; the neck veins were engorged and the liver margin was four fingerbreadths 
below the costal margin. There was ankle and sacral oedema. The illness followed a gradual downhill 
course and the patient died in terminal cardiac failure on August 29, 1958. 


Necropsy 

A large aneurysm was found occupying the right side of the chest. It measured 22 x 15 x 10 cm. and lay 
in front of the right lung, which was collapsed. Its wall was thick and fibrous and the cavity contained a 
large amount of fine steel wire, with loose clot around it (Fig. 1). There was a layer of laminated clot on 
the inner aspect of the wall. The aneurysm arose from the ascending aorta and communicated with the 
lumen through a rounded orifice 1-8 cm. in diameter, about 3-7 cm. above the aortic valve. The aortic 
intima was smooth. The aortic valve was deformed and rigidly stenosed and there was much hypertrophy 
of the left ventricle. The aneurysm, in its projection downwards, pressed upon the right auricle, deforming 
it and displacing it to the left. The liver showed chronic venous congestion. No congenital malformations 
were found: in particular there was no arachnodactyly. 

Histological Examination. The wall of the aneurysm was seen to consist chiefly of a thick layer of fibrous 
tissue but with a few disorganized elastic fibres representing what remained of the media. Inside this there 
was antemortem thrombus which showed some organization. Sections of the aorta taken at some distance 
from the origin of the aneurysm showed a gross degree of fragmentation. The aorta at the mouth of the 
aneurysm showed a sudden break in its muscle coat and the endothelial lining of the aorta extended into 
the aneurysm at this point. 

The mitral valve showed vascularization and calcification. There was also perivascular fibrosis of the 
myocardium characteristic of healed rheumatism, as well as widespread ischemic fibrosis. 
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Fic. 1.—Right side of heart opened to show the aortic 
aneurysm compressing the wall of the right auricle. 
The cavity of the aneurysm contains clot and fine steel 
wire. 


There was no arterial change in the kidneys or elsewhere suggestive of hypertension. No lesions 
suggestive of syphilis were found. 


Discussion 


Very few cases of saccular aneurysm resulting from medial necrosis have hitherto been described. 
Shennan (1934) in his review of three hundred dissecting aneurysms mentions four. It has been 
possible to read the original descriptions of two of these. The first case (Ryan, 1844) is very brie'ly 
described, but probably had a spontaneous rupture of the aorta, while the second (Davy and Gat«s, 
1922) seems to have had a lesion similar to the one described above, but it was only “‘the size of #1 
orange”’. 

There can be no doubt that our patient had a type of dissecting aneurysm, because of the fraz- 
mented elements of media in the aneurysm wall and the abrupt rupture of the media at the site >f 
origin of the aneurysm. It is not easy to explain why, in an aorta that shows such widesprea i- 
destruction of the media, the dissecting aneurysm should be saccular. A possible explanation is 
that at the time of origin of the aneurysm there was only a localized area of medio-necrosis, and th it 
the other parts of the media underwent degeneration subsequently. 

Another factor in the present case is the finding of rheumatic aortic stenosis: it is possible tt it 
the altered hemodynamics in the ascending aorta induced by this might have been a contributo y 
cause of the lesion and might have helped to determine the form it assumed. 
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The etiology of medial necrosis is still a controversial subject. Hypertension has been held to 
b: important in this respect. Gore and Seiwert (1952) described 85 cases, in 42 per cent of which 
‘re was no clinical or pathological evidence of hypertension: 32 of these patients were under forty 
yc irs of age and of these 75 per cent had a normal pressure. It is possible that these younger 
si ojects may have had an inherent weakness at the aortic media, and this may be related to the 
‘“ orme fruste” of Marfan’s syndrome (Marfan, 1896) as suggested by Tobin ef al. (1947). The 
p. ‘sent case was in the older age group, the aneurysm appeared to be due to medial necrosis, and 
n ne of the stigmata of Marfan’s syndrome were present. 

It is noted that wiring of the aneurysm was not successful in preventing its further enlargement. 
T 2 rationale of this operation, first described by Moore and Murchison (1864) is to promote 
tt ombosis inside the aneurysm and so to reduce the space through which blood may flow. Linton 
ai 1 Hardy (1952) reviewed wiring as a treatment of aneurysm and reported moderate success in 
lt patients. In the present case, although there was symptomatic relief, the aneurysm had extended 
pi or to death, and at necropsy thrombosis was minimal. Had it been possible to visualize the neck 
oi the sac by angiography, a more radical surgical approach might have been considered. An 
a! :iogram was carried out but it failed to define the aneurysm. It is doubtful whether any treatment 
w uld have significantly altered the outcome. 


a 


Summary 
A large saccular dissecting aneurysm of the ascending aorta in a man of fifty years is described. 
Tere was no hypertension or syphilis. Rheumatic aortic stenosis was present. There was 
widespread medial necrosis of the aorta. The etiology and treatment of the lesion are discussed. 


= 


We wish to thank Professor J. H. Biggart for his advice in the preparation of this paper and Dr. J. F. Pantridge 
foi permission to publish the case report. 
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IRON INCRUSTATION OF THE PULMONARY VESSELS IN PATENT DUCTUS 
ARTERIOSUS WITH CONGENITAL MITRAL DISEASE 


BY 
KENNETH W. WALTON AND DONALD HEATH 


From the Departments of Experimental Pathology and Pathology, University of Birmingham 


The clinical and pathological features of patent ductus arteriosus with pulmonary hypertensic 1 
are presented in the following case report. The structural changes in the lung provide an examp e 
of the rare finding of iron incrustation of the elastic lamine of the pulmonary vessels in associatic 1 
with congenital heart disease. This case demonstrates the importance of pre-operative lung biopsy 
in patients selected for cardiac surgery, especially when detailed cardiac catheterization is not 
performed. Had a biopsy of this type been taken at an earlier stage in this instance, a further un- 
suspected congenital anomaly, associated with the ductus, would have been detected. 


Clinical Features 


The patient, an only child, weighed 6 Ib. at birth in 1950. His mother’s health had been 
normal during the pregnancy and, in particular, there was no history of rubella. He had frequent 
coughs and colds during infancy and for this reason was referred for examination at the age of 9 
months, when it was found that there was a loud, short systolic murmur, which was maximal in 
the third left inter-space and was conducted over the whole precordium. At that time there 
was no cardiomegaly and the child was acyanotic, but, by June 1953, cyanosis was obvious. By the 
following year the exercise tolerance was poor and attacks of bronchitis were frequent so that he 
was admitted for diagnosis and to study the possibility of corrective surgery. 

On examination he was found to be a well-grown boy weighing 30 lb. who looked flushed and 
had slight cyanosis of the lips at rest. Finger clubbing was absent. There was considerable 
enlargement of the heart, the tapping apex beat being felt in the sixth left intercostal space in the 
anterior axillary line. On auscultation there was a loud, split first sound at the apex and an accen- 
tuated, split second sound at the base. A loud systolic murmur was heard all over the precordium; 
this was maximal to the left of the sternum in the fourth left interspace and was heard faintly over 
the back. At the apex there were systolic and mid-diastolic murmurs with accompanying thrills. 
The liver was enlarged two finger breadths below the right costal margin. Occasional rales were 
heard over both lungs. The blood pressure was 110/60. 

An elecirocardiogram demonstrated sinus rhythm at the rate of 130 a minute with a P-R interval 
of 0-16 seconds. There was right axis deviation of an electrically vertical heart and evidence of rig!it 
ventricular preponderance. A fluoroscopic examination showed the heart to be enlarged, and there 
was a prominent pulmonary segment, an enlarged left atrium, and pulmonary congestion: tle 
aorta was smaii. The hemoglobin level was 116 per cent. Cardiac catheterization showed tle 
pulmonary artery mean blood pressure to be 100 mm. Hg with no evidence of abnormally ii - 
creased oxygei saturation of blood in the right chambers of the heart. 

The child was admitted again in May, 1957. The clinical signs of pulmonary arterial hype - 
tension were more apparent but otherwise the results of clinical examination were as found thr: > 
years earlier. Cyanosis was still slight. It seemed most likely that he had a patent duct ; 
arteriosus with nearly balanced pulmonary and systemic blood pressure and he was referred to M . 
d’Abreu for ligation of the ductus. A preoperative radiograph showed enlargement of the rig! 
ventricle and the left atrium, and congested lungs. 

440 








JS 


*nsic a 
amp e 
jaticn 
IOpsy 
is not 
er un- 


| been 
quent 
re of 9 
mal in 
there 
By the 
hat he 


d and 
erable 
in the 
accen- 
dium; 
y over 
thrills. 
S were 


iterval 
f rigiit 
1 the: 
n: tl 
ed tl 
Ily 1 - 


oo oa 


hype - 
| thre 2 
ducti 5 
ioM. 
> rigl 





yon: in | 


>=) 


Ywssk& oO LY 


30 


nw} 


IRON INCRUSTATION OF PULMONARY VESSELS 441 


At operation, the central cyanosis became more apparent under anesthesia. The suspected 


‘idely patent ductus was found and the lungs were very hyperemic and cedematous. The heart was 


‘itable and periods of arrhythmia necessitated several halts during the operation. The ductus 
is clamped for 10 minutes with no apparent ill effect on the right ventricle, so division was per- 
rmed and a lung biopsy taken. The child developed peripheral circulatory failure following the 
eration and died. 


Lung Biopsy Report (Dr. A. H. Cameron). The changes in the lung were unexpected in so far as they 
re atypical of patent ductus with pulmonary arterial hypertension and more suggestive of severe pul- 
mary venous hypertension. 

There were marked vascular changes and also some alteration of the parenchyma. The arteries and 
erioles were thick-walled due to muscular hypertrophy and intimal cellular fibrosis. The elastic tissue 
the blood vessels, including the small veins, was encrusted with iron and calcium and there was occasion- 
y a foreign body giant-cell reaction. The alveoli were large and emphysematous and many showed cuboidal 
‘taplasia of the lining cells. There were several foci of collapsed alveoli filled with hzmosiderin-laden 
agocytes. The interstitial tissue between the alveoli was increased in places and the elastic fibres in this 
uation were also encrusted with mineral. 


Autopsy Report 
The heart was found to be enlarged, weighing 250 g. The expected dilatation and hypertrophy of the 


isht atrium and ventricle were present but in addition there was dilatation and hypertrophy of the left 
.rdiac chambers. There was endocardial fibro-elastosis in the left atrium and left ventricle; it was promi- 


nt in the atrium but much less severe in the ventricle. The mitral valve was thickened and fibrous with 


irtial fusion of the commissures; it was incompetent, the orifice of the valve admitting the tips of three 


fingers. The line of apposition of the cusps showed a rugose thickening of the endocardium but there was 
no evidence of active rheumatic vegetations. The chorde tendinee were thickened, fibrotic, and shortened 
and there was fibrosis of the papillary muscles (Fig. 1). The aortic, pulmonary, and tricuspid valves were 
normal. The aorta was narrow and hypoplastic. The main pulmonary trunk and its primary subdivisions 
showed many subintimal atheromatous deposits. The left lung was partially collapsed. Both lungs on 





Fic. 1.—The heart opened through the left ventricle to show the 
abnormal mitral valve. Both valve cusps and chorde tendineze 
are severely fibrosed and thickened. The chordz are con- 
tracted. There is fibrosis of the papillary muscles. Endo- 
cardial fibro-elastosis is seen in the left atrium. 
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section showed prominence of the pulmonary arteries which projected conspicuously from the cut surface . 
There were many small brown areas seen in the lung parenchyma and the hilar, tracheo-bronchial, and mec - 
astinal lymph nodes were enlarged and brown in colour. There were suture lines in the aorta and pulmonar ’ 
artery corresponding in position with the sites of excision of the ductus arteriosus. There was an old infar ¢ 
of the left kidney. The diagnosis was a patent ductus that had been divided and organic mitral valvul: - 
regurgitation. 


Histology of the Pulmonary Vessels. The elastic pulmonary arteries (> 1000 pw in diameter) wei > 
atheromatous. The elastic fibrils of the media of these large vessels were long, uniform, and withoi 
branches: they ran parallel with one another as in the aorta (Fig. 2a). In this way the configuration of tl : 
elastica of the media resembled that of the foetal pulmonary trunk rather than that of the normal adu 





Fic. 2 Fic. 3 


2.—All sections were stained by the Lawson modification of the Weigert-Sheridan method to demonstrate elastic 
and were counterstained with Van Gieson’s stain to show muscle and collagen. 


Upper left (a) Part of transverse section of an elastic pulmonary artery showing long, uniform, non-branching 
elastic fibrils. This configuration of elastic tissue, resembling that of the aorta or foetal pulmonary trunk, is found 
in the — pulmonary trunk when it has been subjected to severe pulmonary arterial hypertension from birt) 
(x 110). 

Upper right (b) Transverse section of a muscular pulmonary artery showing medial hypertrophy. Note the 
development of fasciculi of longitudinal muscle fibres in the external part of the media. There is slight cellul: 
ey proliferation with splitting of the thick internal elastic lamina. The adventitia is thick and fibrov; 
(x 110). 

Lower left (c) Transverse section of a pulmonary arteriole. The vessel is abnormal in having a thick muscul: 
media. The wall of a normal pulmonary arteriole consists of a single elastic lamina ( x 280). 

Lower right (d) Transverse section of a pulmonary vein, which is abnormal in having a thick muscular med: : 
sandwiched between two distinct elastic lamine. The media has hypertrophied as a response to the pulmonai ’ 
venous hypertension to such an extent that it resembles a muscular pulmonary artery in structure ( x 170). 

Fic. 3.—All sections were stained with Perls’ reagents to demonstrate ferric iron. 

Above (a) Transverse section of a muscular pulmonary artery showing the iron incrustation of the elast 
lamine (x 110). 

—— right (b) Transverse section of a pulmonary arteriole showing the iron incrustation of the elastic lamin 
(x ). 

Lower left (c) Section of lung showing a focus of hemosiderin-containing macrophages ( x 75). 
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pulmonary trunk which is characterized by a loosely arranged network of fragmented, branched fibrils, 
o'ten with club-like terminal expansions. 

The muscular pulmonary arteries (100 to 1000 » in diameter) showed a gross increase in medial thickness 
(Lig. 2b). Arteries of about 200 » in diameter, for example, had a medial thickness equivalent to 25 per 
cat of the external diameter of the vessel and a medial cross-sectional area of about 26,000 sq. micra. 
Normal muscular pulmonary arteries in the adult have a medial thickness of 5 per cent or less and a medial 
cr ss sectional area of 1900 sq. micra, with the exception of arteries in the lingular area (Heath and Best, 
1:58). There was a considerable development of longitudinally-orientated muscle in the outer part of the 
mr 2dia (Fig. 2b). Some muscular arteries were the site of minimal cellular intimal fibrosis and others the 
si ¢ of intimal fibro-elastosis with reduplication of the internal elastic lamina. Generalized arterial dilatation 
ai d complex, localized ‘‘dilatation lesions” were absent. 

Pulmonary arterial vessels below 100 » in diameter showed the distinct muscular media and limiting inter- 
n: | elastic lamin so characteristic of pulmonary arterial hypertension (Fig. 2c). The wall of the normal 
a) ‘erial vessel of this size consists solely of an elastic lamina and is indistinguishable from a pulmonary 
vnule. Even tiny arterioles of 30 » in diameter had thick muscular walls. Small pulmonary veins had 
a! normally thick walls consisting of smooth muscle bounded by internal and external elastic laminz so that 
tt zy resembled arteries (Fig. 2d). 

There was severe pulmonary hemosiderosis. Numerous intra-alveolar hemosiderin-laden macrophages 
w re found throughout the lung, either scattered diffusely or grouped to form nodules measuring up to 400 
in diameter (Fig. 3c). Many of these nodules were in a subpleural position. 

The elastic laminz of some pulmonary arteries, arterioles, and veins were incrusted with iron, both of a 
fe ric and ferrous nature, as demonstrated by positive staining by Perls’ reagents and by Turnbull’s method 
respectively (Fig. 3a and b). Staining by von Kossa’s method demonstrated the presence of a small amount 
of calcium and phosphate. The elastica of the alveolar walls and the musculo-elastic bundles of alveolar 
ducts were similarly affected. This incrustation with iron was patchy in many vessels. 


Discussion 

We consider it likely that the organic mitral regurgitation was congenital in origin as there 
was no clinical history of rheumatic fever and no histological evidence of this disease on careful 
examination of the myocardium and valves. Rheumatism severe enough to have produced this 
degree of structural change in the mitral valve by the age of 64 years would surely leave histological 
evidence of its presence. Even apparently quiescent cases of mitral stenosis in adult life are fre- 
quently characterized by Aschoff nodes and interstitial hematoxyphil substance in the endocardium 
of the left auricular appendage. We regard the endocardial fibro-elastosis present as congenital 
in origin and do not consider it to be evidence of a previous rheumatic or foetal inflammation. 

Structural Changes in the Lung Biopsy. The severe pulmonary arterial hypertension in this case 
acted upon the small pulmonary arterial vessels to produce the customary medial hypertrophy and 
intimal fibrosis in the small muscular pulmonary arteries (Fig. 2b) and the development of a muscular 
media in the pulmonary arterioles (Fig. 2c). These structural changes are those of only moderately 
severe hypertensive pulmonary vascular disease, a stage beyond which patients with mitral stenosis 
do not appear to proceed. The pulmonary venous hypertension, which must have existed in this 
boy because of the mitral lesion, had given rise to severe pulmonary hemosiderosis (Fig. 3c), 
probably by rupture of pulmonary venules and capillaries with the liberation of blood into the alve- 
olar spaces. The striking feature of this case, however, is the incrustation of iron on the elastic 
lamine of pulmonary arteries and veins (Fig. 3a and b), which appears to be an expression of the 
large amounts of free iron present in the lung. Since the /ater stages of hypertensive pulmonary 
vascular disease without pulmonary venous hypertension are also characterized by pulmonary 
hemosiderosis (Heath and Edwards, 1958) resulting from rupture of distended vein-like branches 
of hypertrophied muscular arteries, it would be expected that iron incrustation of elastic lamine 
would occur in these circumstances. Indeed, this unusual histological appearance, first given 
prominence by Lendrum (1950), can occur whenever thin-walled vessels in the lung lead to bleeding 
into alveolar spaces as in bronchiectasis (Cameron, 1956). However, the finding of iron incrustation 
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of elastic lamina and pulmonary hemosiderosis in the biopsy of lung in association with a compa : 
tively early stage of hypertensive pulmonary vascular disease in this case was of practical significa: : 
in indicating that, in addition to the widely patent ductus arteriosus already suspected, there wa 
cardiac lesion associated with pulmonary venous hypertension. At autopsy this additional card 
disease proved to be organic mitral regurgitation. It is of interest to recall a reported case of wid 
patent ductus arteriosus with unilateral pulmonary hemosiderosis (Emslie-Smith et al., 195 
In that instance the hemosiderosis in the right lung followed pulmonary venous hypertension >- 
sulting from obstruction of the venous return by a membranous occlusion of the right pulmon: -y 
veins. Other diseases with pulmonary arterial hypertension where iron incrustation of elas ic 
laminz might be found before the development of arterial “dilatation lesions” owing to associat :d 
pulmonary venous hypertension are chronic rheumatic or congenital mitral stenosis, myxoma of | 1e 
left atrium, mediastinal masses occluding pulmonary veins, and diffuse myocardial fibrosis. As in 
the cases reported by Cameron (1956), the mineral incrusted on the elastic lamine contained fer ic 
and ferrous iron with much smaller quantities of calcium and phosphate. 

The pulmonary venous hypertension in this case led to hypertrophy of the media of the pul- 
monary veins so that these vessels resembled muscular pulmonary arteries (Fig. 2d). This response 
of the muscle in the wall of pulmonary veins to hypertension has been recognized in several congeiii- 
tal and acquired diseases of the heart (Edwards and Burchell, 1951; Heath and Edwards, 1959). 

The configuration of the elastic tissue in the elastic pulmonary arteries, resembling that of the 
adult aorta or the foetal pulmonary trunk (Fig. 2a) provided additional confirmation that the severe 
pulmonary arterial hypertension in the patient had been present from birth. This has been demon- 
strated previously in a large group of cases of congenital heart disease (Heath et al., 1959). 

If it is accepted that severe pulmonary arterial hypertension was present from birth and was 
due to the congenital mitral valvular deformity, then it would follow that in this case the patent 
ductus arteriosus had served from birth as an essential shunt. The peripheral circulatory failure 
ensuing from its closure is, therefore, understandable. Though the present combination of cardiac 
abnormalities is unusual, it serves to illustrate the important fact that, in cases presenting with 
patency of the ductus, coincident pulmonary hypertension may be present and due to an associated 
underlying cardiac abnormality that may contra-indicate operative closure of the ductus. The 
present case demonstrates the importance of pre-operative lung biopsy, for in this boy the histological 
changes were characteristic of pulmonary venous hypertension and clearly showed that the dominant 
pulmonary arterial hypertension was associated with another disease in addition to the patent ductus. 


<4 QO & @ 


Summary 


A boy aged 64 years presented with clinical signs suggestive of a patent ductus arteriosus with 
pulmonary hypertension. A lung biopsy.showed pulmonary hemosiderosis with iron incrustation 
of the laminz of the small pulmonary blood vessels, changes associated with severe pulmonary 
venous hypertension. At autopsy mitral valve disease believed to be congenital was found. The 
importance of searching for additional cardiac disease in patients with patent ductus and pulmonary 
hypertension is stressed and the role of lung biopsy in this connection is demonstrated. 


We wish to thank Mr. A. L. d’Abreu and Dr. C. Parsons for permission to report this case and for access to the 'r 
records, Dr. A. H. Cameron for allowing us to quote his report on the biopsy, and Mr. G. Billington, H. M. Coron'r 
for the City of Birmingham, for giving us leave to publish the autopsy findings. 
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RIMARY PULMONARY HYPERTENSION WITH OBSTRUCTIVE VENOUS LESIONS 
BY 


D. B. BREWER AND D. R. HUMPHREYS 


From the Department of Pathology, University of Birmingham, and the General Hospital, Birmingham 


There are very few recorded examples of disease of the pulmonary veins in primary pulmonary 
pertension. In 1941 Brill and Krygier described a single case of primary pulmonary hypertension 
d collected a further 19 that had been previously published: in only one of these were abnor- 
ilities described in the veins—an instance reported by Mallory (1937). 

Since then many additional cases of primary pulmonary hypertension have been described. 
lmour and Evans (1946), Cross and Kobayshi (1947), Dresdale et al. (1951), Cutler et al. (1954), 
ans et al. (1957), Heath et al. (1957), Kuida et al. (1957), Shepherd et al. (1957), and Wade and 
\1 (1957) reported the histological findings in a further 31 patients. In only two of these (Cases 
ind 11 of Evans et al.) were any abnormalities described in veins; and they did not appear to be 
he same as those found in the present case, in which there were very severe intimal thickenings in the 
small veins. Nearly all small veins were affected, many being almost completely occluded. It 
secmed likely that this condition in the veins was the cause of the widespread capillary dilatation 
and might have played an important part in causing the pulmonary hypertension. 
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Case Report 


A youth of 16 was admitted to the General Hospital, Birmingham, in September, 1956. 
He had been well until May, 1956, when he had a pyrexial illness, thought to be influenza. He 
became breathless and had some pain in the right side of the chest and a cough with greenish sputum. 
X-rays at that time showed prominence of the pulmonary artery and some shadowing in the left 
lower lobe, which decreased in extent over the following two months. 

During the nine months before admission he had seven or eight attacks of unconsciousness, 
which were brought on by exertion and accompanied by dyspnoea. He remained short of 
breath, and two weeks before admission the breathlessness became worse, and he developed pain 
below the right costal margin and began to vomit. He had a very poor appetite and complained 
of considerable thirst. 

Clinical Examination. The patient was afebrile, dyspneeic, slightly flushed, and with peripheral 
cyanosis. The pulse was regular at 110 a minute and blood pressure was 110/80. Clinical signs of 
cardiac enlargement were not found, but there was a heaving cardiac impulse. Although the 
heart sounds were normal, there was a left parasternal systolic murmur and a mid-diastolic sound 
at the mitral area. No abnormal clinical signs were present in the lungs. 

Radiological examination showed prominence of the vascular pattern in the lungs, particularly 
in the central areas, suggestive of congestion and ceedema. The heart had enlarged since the earlier 
X-ray, and on screening the enlargement appeared to be due mainly to a large right ventricle. 
No enlargement of either atrium was seen, but the pulmonary artery segment was very prominent 
and the aorta comparatively small. 

Other Investigations. A blood count showed 5-7 million red cells per cu. mm. with 17°5 g. 
per 100 ml. hemoglobin, white cells 16,400 per cu. mm. of which 77 per cent were polymorphonuclear, 
and E.S.R. (Westergren) 2 mm. in one hour. The sputum showed occasional pus cells, and gave a 
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growth of pneumococcus and streptococcus viridans. In the urine there were occasional re 
cells and granular and hyaline casts. No L.E. cells were found in the peripheral blood. 

The patient was given digitalis and penicillin. Despite these measures and treatment in a 
oxygen tent his condition deteriorated and he died six days after admission. 


Findings at Necropsy 


The heart (440 g.) showed no congenital abnormality. There was conspicuous right ventricul: 
hypertrophy. The ventricular wall was 9 mm. thick. The other chambers of the heart were normal ar 
the walls not thickened. No abnormality was seen in the large pulmonary veins though no special searc 
was made. The main pulmonary artery and its large branches were macroscopically normal. Scattere 
throughout the lung were numerous closely set small, reddish-brown areas. The rest of the organs show 
much congestion. Apart from a Meckel’s diverticulum there was no other abnormality. 

Histological Examination. The organs other than the lungs showed only severe chronic venous co: 
gestion. Several blocks of tissue were examined from each of the lobes of the lungs. All showed simil:: 
and very striking lesions. In view of these it was obviously necessary to identify with certainty the stru 
tures involved. In order to do this one block was cut serially to provide 690 sections. These were stainc:! 
by Verhoeff’s elastic method and van Gieson’s stain. Examination of them showed again that the oni; 
certain way to identify abnormal vessels was by demonstrating their connections either with arteries o: 
veins (Brenner, 1935). 

The elastic pulmonary arteries showed little change. The muscular pulmonary arteries showed strik 
ing abnormalities of the type usually associated with severe pulmonary hypertension. There was much 
medial thickening and also a striking development of additional longitudinally arranged muscle bundles 
external to the external elastic lamina (Fig. 1). There was conspicuous cellular intimal thickening con- 





Fic. 1.—Small muscular pulmonary artery, Fic. 2.—Areas of capillary dilatation in lung. 
showing much medial thickening, and Masson’s trichrome. X8°5. 
development of longitudinal muscle outside 
external elastic lamina. Elastic, van 
Gieson. x150. 


taining fine strands of collagen and little or no elastica. This cellular intimal thickening extended from th 
arteries into arterioles and there the cells were arranged circumferentially inside a single elastic lamina. 
The capillaries showed striking dilatation in sharply demarcated areas (Fig. 2). In many of these area 
of capillary dilatation the alveoli contained numerous macrophages, but there was no significant flui: 
and, surprisingly, only very small amounts of hemosiderosis (Fig. 3). 
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PULMONARY HYPERTENSION WITH VENOUS OBSTRUCTION 





FIG. 3.—Greatly dilated capillaries in alveolar Fic. 4.—Small vein almost occluded by con- 
walls. Masson’s trichrome. x 230. spicuous intimal fibrosis. Media much 
more clearly defined than normal by 
internal and external elastic lamine. 

Elastic, van Gieson. 150. 


There was very severe intimal thickening of veins: this was much more fibrous than the intimal thicken- 
ing of the arteries and much less cellular, and it was also much more severe so that the lumen of the veins 
was in many cases almost obliterated (Fig. 4). 

These pathological conditions were confined to small veins, the larger vessels being normal. In addition 
to the intimal changes, the media in many instances was strikingly altered, being much more defined than 
normal, and in many cases internal and external elastic laminz were better defined than was to be expected 
(Fig. 4). On this account these veins might have been mistaken for arteries, but in all cases doubtful 
vessels were identified by following them in serial sections. Arteries and veins identified in this way showed 
other differences. There was a conspicuous difference in the thickness of the media of the veins and hyper- 
trophied arteries (Fig. 1 and 4). The character of the intimal thickening was also quite different, being less 
cellular and more collagenous (i.e. pink staining with van Gieson’s stain) in the veins. These appearances, 
although very striking, were not used in the definitive identification of vessels. 


Discussion 


The anatomical changes in the lungs consisted of severe venous intimal fibrosis combined with 
areas of great capillary dilatation. The changes in the muscular arteries were those commonly 
found in primary pulmonary hypertension. It was impossible from histological study to decide 
whether or not the venous abnormalities preceded the arterial. The venous intimal thickenings 
contained more mature collagen and were less cellular than the arterial intimal thickenings, but 
this could not be accepted as being more than suggestive. 

In this respect the patient reported by Edwards and Burchell (1951) is of interest. A woman of 
26 had obstruction of the veins of all but one of the lobes of her lungs, due to a fibrous mass in the 
mediastinum. In all the lobes affected there were “severe occlusive vascular changes similar to 
those seen in some cases of mitral stenosis”. They postulate that the occlusive arterial and arteriolar 
lesions in the lobes with severe venous obstruction protect the pulmonary capillaries from excessive 
passive congestion and from elevation of pressure. Whatever is postulated about the effect of the 
vascular changes in this particular patient, it is clear that the venous occlusion was acquired and 
was primary, while the arterial changes followed and occurred only in the lobes affected by the 
venous obstruction. 











448 BREWER AND HUMPHREYS 


Ferencz and Damman (1957) examined the pulmonary vessels in 18 patients with congenit: 
lesions of the heart that caused obstruction of the pulmonary venous drainage. There was muc 
medial thickening of the muscular arteries with dilatation, tortuosity, and engorgement of tl 
capillaries and veins. They remarked that “the reduction in the lumen-wall ratios of the sma 


muscular pulmonary arteries was greater than in any other group of congenital malformations « ° 


the heart. This finding suggests that pulmonary venous obstruction is an important factor in tl 
pathogenesis of pulmonary arterial narrowing’’. This obviously applies to the changes in t! 
pulmonary vessels in mitral stenosis. It also provides support for the idea that in our case tl 
venous lesions might be primary and might have caused the arterial lesions. There is nothing ‘ 
indicate the cause of the abnormalities in the veins. The history would not suggest a congenit: 
origin but rather that they had developed in the last year or so of life. 

The congestion and cdema seen on X-ray examination resulted from capillary dilatatio. . 
Morbid conditions of this kind are unusual in primary pulmonary hypertension. It might | 
possible from the radiographic appearance to suspect this condition during life. Cardiac lesion 
congenital or otherwise, that might cause pulmonary congestion and hypertension would have i) 
be excluded. Additional help might be gained from measurement of the pulmonary wedge pressu:: 
which is normal in most cases of primary pulmonary hypertension but would probably have 
been raised in the present case. 


Summary 


A case of primary pulmonary hypertension with widespread obstructive venous lesions is 
described in a boy of 16 years. These lesions caused widespread capillary dilatation in the lungs and 
probably contributed to the pulmonary hypertension. The significance of the lesions and their 
possible diagnosis is discussed. 
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In a recent paper, one of us (Teare, 1958) described 8 examples of a hitherto little recognized 
t pe of heart disease under the title Asymmetrical hypertrophy of the heart in young adults. The 
sion was thought to be a benign tumour or hamartoma and was confined to the left ventricle, 
e pecially in the region of the septum. One of these patients, a woman of 21, had been under the 
c.re of Hammersmith Hospital, and by chance a sister was found to have heart disease when ad- 
nitted there for routine tonsillectomy. Shortly afterwards an apparently healthy brother, aged 
1», dropped dead when cycling to work. These findings led us to make a study of the entire family 
which is reported in this paper. 

We were able to trace all members of the family for two generations, totalling 23 persons. In 
14 of the 19 still alive we performed clinical, radiological, and electrocardiographic examinations. 
One man (Case 3) aged 47, apparently well, would not permit examination of himself or his four 
children (Cases 12 to 15). Full clinical details were available in two of the four who died, and the 
autopsy findings in three. We could obtain no information at all on the man (Case 1) who died 
in 1923, aged 18, possibly of meningitis (Table 1). 

As can be seen from the family tree (Fig. 1), we found evidence of heart disease in the three sibs 
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Fic. 1.—Family tree. 
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TABLE I 
FINDINGS OF Two COMPLETE GENERATIONS OF THE AFFECTED FAMILY 
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Murmurs 
Case Second heart Electro- 
Age | JVP —__—_— —_—_——/ c.t.r. and x-ray : Course 
No. sound Systolic Diastolic cardiogram 
1 18 |Died,| No details — — -- —- | Died, ? meningitis 
1923 
y 40 +15 Wide split Gr. 1 0 60% Axis-20% Died, heart failure 
apical RA LA LV+ | Gross LBBB | 
=. 47 | Examination refused | Apparently well 
4.| 40 | +43 N 0 0 48% L.A.+ | Alive -_ 
?L.V.+ 
5 37 N N 0 0 56% LA+ LV+ | Alive 
RA LA RVLV+ 
6. | 4/|N. N 0 o | 52% Till inv. | Alive Nis 
7 | 2 +3 N Gr. 1 MDM 54% | RA+ RBBB | Died suddenly 
apical RA LA LV+ TIII inv. 
8. 18 Well till sudden death. No examination Died suddenly 
9. 14 N 4 Wide split Gr. 2 at Early at 47% Axis-70 | Alive 
LSE LSE LV+ RV+ TI inv. 
10. 12. N | Widesplit | Gr.2at| MDMat 56% Axis-30° | Alive 
LSE LSE RA LA RVLV+! RA+ LV+ 
Bie 11 +5 Wide split | Gr. 2 at | Gr. 3 early | 7 TIII inv. Alive 
apex and atLSE |RA+RV+LA+ | 
LSE . 
12-15 Children of Case 3. Examination refused | Alive 
“6.1 7 | N- N 0 0 45% TIll inv. | Alive 
17. 7 N N 0 0 51% TIII inv. Alive 
LA+ LV+ 
48.| 7 | 43 N 0 0 48% RA+ Alive 
RA+ LA+ 
19.) 4 45— N 0 0 51% TIll inv. | Alive 
LV full 
2.| 2/| N N 0 0 55% TIll inv. | Alive 
LV full 
21 | N N 0 0 48% TIII inv. Alive 
22 15 N N 0 0 — — Alive 
23 10 N N 0 0 — — Alive 





Murmurs and heart sounds graded 1-4. 
L.S.E.=left sternal edge. 
c.t.r.=cardiothoracic ratio. 

MDM =nmid-diastolic murmur. 
JVP=Jugular venous pressure. 
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Summation gallop in Cases, 2, 18, and 19. 
3rd sound in Cases 5, 7, and 10. 
4th (atrial) sound in Case 5. 
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o* the brother and sister who had died suddenly (Cases 7 and 8), and also found that the father of 
t! ese children had died of heart disease of a similar type. One of the brothers of this man had an 
2 normal heart as did at least two of the brother’s five children. In all, 9 of the 23 persons had 
equivocal evidence of heart disease and a further three had possible evidence. 

A description will now be given of the clinical radiological, electrocardiographic, and patho- 
tical findings in the nine affected members of this family. 
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CLINICAL FINDINGS 
Age and Sex. The three fatal cases died at 18, 21, and 40, while the ages of the living patients 
ige from 4 to 37 years. The disease seems more severe at an earlier age in the latest generation 
ected. Of the nine affected patients, four are male and five are female. 
Symptoms. Of the living patients Case 5, aged 38, has had exertional dyspnoea for five years, 


rian | 


c 2st pain on walking for three years, and recently hemoptysis after sexual intercourse. Case 13, 
a: 2d 12, and Case 18, aged 7, both have slight dyspnoea on exertion and Case 13 in addition suffers 
fi m abdominal pain. 


Of the patients who have died, Case 2, aged 40, who was the father of Cases 7 to 11, was found 
tc have an enlarged heart at the age of 35: he had chest pain when 39 but was reasonably well until 
nonth before death when he suddenly developed congestive heart failure. Case 8 died suddenly 
w tile riding to work on a bicycle at the age of 18: he had previously been perfectly well. Case 7, 
aced 21 (Case 5 of Teare, 1958), was said to have had rheumatic fever at the ages of 8 and 12 years 
but there was subsequently no evidence of this, and a diagnosis of congenital heart disease was 
made. At the age of 19 abdominal pain led to a fruitless laparotomy, and soon afterwards she 
had a cerebral embolus following the development of atrial fibrillation. At the age of 21 when 
running for a bus she collapsed and died. 

Signs. Only one patient (Case 2) had been in severe congestive heart failure, with ascites and a 
jugular venous pressure 15 cm. above the sternal angle. In two others (Cases 11 and 19) the 
jugular venous pressure was +5 cm. with a and v waves of equal heights. In a further five the a 
wave was prominent but not abnormally so. 

The arterial pulse and blood pressure were normal in all patients except Case 7 who developed 
atrial fibrillation two years prior to death. The cardiac impulses were impalpable in two, a tapping 
apex beat with parasternal lift was found in five, and a left ventricular apex beat in one. 

The first sound was normal in all except one patient (Case 2) in whom it was split and there 
was left bundle-branch block. The second sound also was abnormally widely split in this man and 
in his three living children (Cases 9 to 11) (Fig. 2), none of whom had bundle-branch block. It 
was normal in the remainder. A third sound was heard in three patients and may be presumed to 
be abnormal in Case 5 at the age of 37. One patient had a clear atrial (fourth) sound (Fig. 2) and 
a further three had a summation gallop. Thus, extra sounds were common in these patients. 

Systolic murmurs were present in five. In four of these there was also a diastolic murmur—in 
Case 7 an apical mid-diastolic murmur, but in the other three an early or delayed murmur, maximal 
at the left sternal edge. In Case 10 the murmur was louder with inspiration, was scratchy in 
quality, and closely resembled that found in Ebstein’s disease (Fig. 3). 

All the patients tended to be of a short stocky build. No other congenital anomalies were 
noted. One patient (Case 5) had severe iritis and mild arthritis. 

Electrocardiography. The abnormal leads of the cardiograms of Cases 2 and 5 and of all their 
sibs (except Case 8) are shown in Fig. 4 and 5. A right atrial P wave was found in five and was 
considerable in two (Case 9 and 10). Left bundle-branch block occurred in Case 2. An S wave 
greater than R in V5 was seen in three. The electrical axis was abnormal in three being —20°, 
—30°, and —70°. Inall cases except the three with left axis deviation there was a striking similarity 
in lead IIL which showed a sharply inverted T wave usually preceded by a Q wave. Similar changes 
were seen in aVF although in four cases the T inversion was present only in lead III. The cause 
of the abnormality is not clear but presumably it is derived from muscle in or near the hypertrophy 
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in the septum. In hearts that are electrically in a vertical or intermediate position the potential; “he 
in the antero-septal or postero-septal region could well be directed chiefly to leads aVF and III. Th: Thi 
left precordial leads or equivalents (V5, V7, aVL, and I) were abnormal in six cases showing a lov’ loft 
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Fic. 2.—Phonocardiogram of Case 9, showing atrial sound and widely split second sound. 
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Fic. 3.—Phonocardiogram of Case 10, showing increase in diastolic murmur on inspiration and 
widely split fixed second sound. 





voltage or inverted T wave. The precordial QRS voltage was abnormal in two, both showi 
left ventricular preponderance. 

Radiology. The overall heart size was increased in seven of the nine affected cases, cardi )- 
thoracic ratios 47-60 per cent. Individual chamber enlargement was found as follows: right atriv n 
in 6, left atrium in 7, and left ventricle in 5 cases. The aorta was noticeably small in six cass. | 
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“he cardiac silhouette in the postero-anterior projection was somewhat globular in all (Fig. 6 and 7). 
“his appearance was mainly due to prominence of the right atrium and a straight or slightly curved 


The condition is a dominant one, not sex-linked. The apparent slight excess of 


: ffected subjects on the basis of a 1:1 ratio among children of affected parents is not greater than 
might occur by chance. 




































































































































































Fic. 4.—Leads I, II, III, aVF, V1, and V5 of the electro- 
cardiograms from Case 2 and his offspring (Cases 7, 




























































































Fic. 5.—Leads I, II, III, aVF, V1, and V5 from 
Case 5 and his offspring (Cases 17 to 21). 


9, 10, and 11). 











CASE 2 CASE iT] 
Pane ¢.l.r.2 F279 
CASE 10 
ctr. = 56% 
CASE 20 
c.tnaS$% 
CASE /9 CASE 21 
c.b.r.=5/% c.b. 0487 


Fic. 6.—Diagrams of the postero-anterior cardiac silhouette of Cases 2, 5, 7, 9, 10, 11, 17, 18, 19, 


20, and 21, with their cardiothoracic ratios. 












HOLLMAN, GOODWIN, TEARE, AND RENWICK 





{ity DA 


nmi 23 4 5 6 48 9 





OON W.CI 
ade 


Fic. 7.—Six foot postero-anterior chest film of Fic. 8.—The heart of Case 8, opened from the front 
Case 7, showing globular heart and enlarge- to show the massive hypertrophy of the septum 
ment of both atria. and anterior wall of the left ventricle. 


Pathology. This has been dealt with at length in a previous paper (Teare, 1958) but we are 
reporting here a fuller account of Case 8 who was mentioned there only in an addendum, and also 
a description of Case 2. Case 7 of this series is Case 5 in Teare’s paper. 

Case 8. The heart weighed 425 g. and showed well-marked hypertrophy which was localized 
to the septum and to the anterior wall of the left ventricle (Fig. 8). The mass of muscle forced 
the septum over into the right ventricle. Histological examination revealed large coarse muscle 
bundles with large clefts between them and scattered fibrosis (Fig. 9). The appearances were 
thus closely similar to those of Case 7 and to those reported previously (Teare, 1958). 

Case 2. The heart weighed 530 g. and the left ventricle was slightly hypertrophied with recent 
antemortem thrombus attached to the apical part of the septal wall. There was well-marked 
fibrotic scarring of the distal three quarters of the interventricular septum, which microscopically 
showed gross and coarse fibrous replacement. 

Cases 6, 17, and 20 were all doubtful cases, since all were normal on clinical examination but hac 
slight cardiac enlargement on X-ray (Fig. 6) and T wave inversion in lead III of the electrocardio 
gram, which might have been positional in nature since VF was normal (Fig. 5). 


DISCUSSION 


One of the striking features of asymmetrical hypertrophy is the very close similarity of all th 
hearts that have been examined pathologically (Teare, 1958). The familial incidence indicate 
that it is an inherited disorder. No other congenital defects or biochemical or neurological lesion 
are associated. The clinical picture, while not as nearly identical in each patient as the pathologica 
appearances, has a certain uniformity. The diffuse cardiac impulse, gallop rhythm, systolic an 
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A FAMILY WITH OBSTRUCTIVE CARDIOM YOPATHY 





2 gre ne ee er: 


Fic. 9.—Photomicrographs of the heart muscle in Case 8. Hzmatoxylin and eosin. 


(A) Showing large muscle bundle and coarse fibrosis, with separation. x25. 
(B) Showing scattered fibrosis. x 110. 


delayed rough diastolic murmurs, right atrial prominence with a globular cardiac silhouette radio- 
logically, and right atrial P waves are all reminiscent of Ebstein’s disorder of the tricuspid valve. 
While there is no anatomical similarity, some functional parallel might be drawn between the two 
conditions, for in both obstruction to right ventricular inflow is present, as shown by the increase 
with inspiration of the intensity of the diastolic murmur in Case 10. Presumably the clinical picture 
and course of the disorder depends upon the site of maximum obstruction produced by the 
asymmetrical hypertrophy. One patient in the series described by Teare (1958) presented with signs 
of obstruction to the mitral valve due to the mass of muscle blocking and distorting the valve from 
the ventricular aspect. We have also seen a similar though not necessarily identical condition 
obstructing the outflow of the left ventricle and simulating aortic stenosis (Goodwin et al., 1960). 

It is clear, therefore, that the manifestations of asymmetrical hypertrophy are protean, although 
in the families reported here, obstruction to valves other than possibly the tricuspid was not found. 
However, we believe that the disease merits the general title of obstructive cardiomyopathy, and 
should be thought of when signs of valvular obstruction with atypical features are found in a 
subject with a familial history of heart disease. 

The condition does not appear to have been described prior to the paper by Teare (1958). It 
does not resemble the cases of familial heart disease reported by Evans (1949) or by Campbell and 
Turner-Warwick (1956) in that the hypertrophy is asymmetrical, not generalized. Davies (1952) 
reported a familial heart disease involving five of nine siblings and one of their children, with some 
features of sub-aortic stenosis, and a tendency to sudden death. However, it is probable that 
asymmetrical hypertrophy is not unduly rare, for cases may masquerade under differing diagnoses, 
only coming to light at autopsy or because symptoms of severe cardiac obstruction demand surgical 
relief. 

The prognosis appears to be very variable and, though uncertain, is not necessarily grave. Death 
may be expected to occur in one of five ways—suddenly from ventricular fibrillation, possibly 
connected with the extensive fibrosis scattered through the muscle bundles (Case 5 of Teare, 1958); 
from heart failure due to myocardial insufficiency; from heart failure from inflow or outflow tract 
obstruction; from embolism; or from injudicious cardiac surgery. 

Eight of Teare’s (1958) series of nine patients, which includes two in this series (7 and 8), died 
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suddenly, three having had previous symptoms of palpitation, dizziness, or syncope, and one cor- 
gestive heart failure. Another had suffered a cerebral embolism during an episode of atrial fibrille - 
tion. Yet another had attacks of pulmonary cedema, signs of mitral obstruction, and died followin : 
mitral valvotomy (Case 4 of Teare, 1958). 

In the present series most patients are under the age of 16, but four are between the ages cf 
30 to 50 years. No real estimate can be made of the prognosis from the available data in view of tl 2 
many variable factors and the purely autopsy character of the series described by Teare (1958). 

Correct diagnosis depends upon awareness of the possibility of the condition, which should t : 
suspected if there is a family history of heart disease and if the clinical picture suggests a mild fori 
of tricuspid stenosis or of Ebstein’s syndrome without bundle-branch block. The cardiogram 5 
likely to help in this respect for we have seen only one case with right bundle-branch block, where: s 
this is almost invariable in Ebstein’s syndrome. The finding of a deeply inverted T wave precede 1 
by a Q wave in leads IIL and VF may be of some value in diagnosis. 

In view of the tendency to arrhythmia and sudden death we have not employed investigatio1s 
such as cardiac catheterization and angiocardiography. We do not know whether surgery would 
have anything to offer in this group, although surgical treatment has been successfully carried out 
in one patient with sub-aortic obstruction due to obstructive cardiomyopathy (Goodwin et al., 
1960). If symptoms demand relief and signs suggest notable valvular obstruction, then cardiac 
catheterization and angiocardiography will be justified to confirm the diagnosis and to assess the 
feasibility of surgical relief. We have employed both these investigations in the aortic type of 
obstructive cardiomyopathy without any ill effects to the patients (Goodwin et al., 1960). But 
surgical exploration may still be necessary in some cases (Teare, 1958). In general, however, treat- 
ment should be conservative and directed towards preventing and controlling arrhythmias and con- 
gestive heart failure. 


SUMMARY 


A family with a disorder of heart muscle (asymmetrical hypertrophy) of inherited nature, notable 
for sudden death, and with clinical features suggesting obstruction to the inflow tract of the right 
ventricle, is described. The clinical aspects and manifestations, diagnosis, prognosis, and pathology 
are described, and the title of obstructive cardiomyopathy is proposed for these and similar cases. 


We are grateful to the Department of Medical Illustration, Postgraduate Medical School, and to Mrs. A. Birbeck 
for the illustrations. 
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The shape of the right ventricular pressure curves, other than those found in constrictive peri- 
arditis and right ventricular failure, have received little attention partly due to a tendency to 

iscribe variations to artefacts rather than to genuine differences. Harris (1955) called attention 
0 the characteristic patterns found in normal persons, patients with pulmonary hypertension, 
ind those with pulmonary stenosis. The present communication attempts to study the problem 
n more detail than the works of either Harris (1955) or Luisada and Liu (1956). The findings 
ire based on a study of the records obtained by the cardiac catheterization unit of the Massa- 
chusetts General Hospital, Boston, and especially on the tracings obtained from 79 patients with 
mitral valve disease, 20 with pulmonary disease, and 66 with various congenital heart defects. 

Technique. The patients were given mild barbiturate sedation and a prophylactic injection of an 
antibiotic (usually penicillin), before the start of the studies. The zero level was taken as 5 cm. 
below the sternal angle, and pressures were recorded through number 6 or 7 Cournand catheters, 
connected to a Sanborn capacitance electromanometer. Simultaneous pressure and electro- 
cardiographic tracings were recorded on a Sanborn Polyviso electrocardiograph. 

Contours of the Right Ventricular Pressure Curve. The basic patterns are as follows. 

Type A: The dicrotic curve. The normal right ventricular pressure curve shows a rapid ascent to the 
maximum pressure produced by systole. Opening of the pulmonary valve (taken as the approximate level 
at which the right ventricular pressure exceeds the diastolic pressure in the pulmonary artery), produces 
only a slight slurring on the upstroke of the curve, and does not alter its contour significantly. The pressure 
in the right ventricle falls rapidly after the peak value has been reached, but the downstroke of the curve 
shows a secondary rise of pressure, thereby producing a dicrotic notch. This secondary upstroke is found 
also in the tracings obtained from the pulmonary arteries of these patients, and therefore occurs when the 
right ventricle and the pulmonary artery are still a common chamber. The descent from this secondary 
wave is also slurred at the approximate level of the pulmonary arterial diastolic pressure, and after this, the 
pressure continues to fall smoothly until the pressure in the right ventricle falls slightly below its presystolic 
level. The remainder of the diastolic portion of the curve shows a gradual ascent to the beginning of the 
atrial systolic pressure wave, but a dip and plateau effect does not occur. Although this type of curve is 
not often found in the presence of severe disease involving the lesser circulation, occasional exceptions were 
found in this series. 

Type B: The anacrotic curve. The diastolic portion of this curve is similar to that found in the dicrotic 
curve, but the systolic portion is different. The upstroke shows an abrupt change in the direction of inscrip- 
tion of the curve, sometimes marked by a notch, and the summit of the curve occurs much later than 
in the preceding type. This pattern was found in patients with a high pulmonary arteriolar resistance, in 
some instances of severe mitral valve disease with normal pulmonary arteriolar resistances, and in certain 
patients with infundibular stenosis. 


* Work undertaken while on an Ainsworth Scholarship, granted by University College, Cork. Present address: 
St. Stephen’s Hospital, Cork. 
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Type C: The systolic plateau curve of mild pulmonary hypertension. In these patients the right ventricu- 
lar pressure rises rapidly to a maximum, but does not fall immediately, as in the dicrotic curve, with the 
result that the pressure is maintained at a plateau before the period of rapid descent begins. The remainde 
of the curve is similar to the corresponding portions of the other two curves, already described. This 
pattern was found in cases in which the severity of the disease was intermediate between the two preceding 
groups. Examples of this type of curve were found in patients with mitral valve disease, and also in patient: 
with chronic pulmonary disease. 

Type D: The high pressure systolic plateau curve. This curve has a contour that differs from that ot 
the preceding type, in that, while each has a systolic plateau, followed by a rapid descent to right ventriculai 
diastolic levels, the right ventricular systolic pressure is much higher in this than in the type C curve. Ir 
addition, this type of curve usually shows a distinct notch at the beginning of the plateau. Examples ot} 
this pattern were found only in patients with either Fallot’s tetralogy or large ventricular septal defects. 

Type E: The symmetrical peaked curve. This is characterized by a much slower ascent than is found ir 
the other curves. After the peak pressure has been reached, the pressure falls at a rate approximately equal 
to that of the systolic ascent, with the result that an isosceles triangle effect is produced. This pattern is 
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Fic. 1.—(A) dicrotic curve; (B) anacrotic curve; (C) systolic plateau curve of mild 
pulmonary hypertension; (D) high pressure systolic plateau curve; (E) symmetrical 
peaked curve; (F) anacrotic curve, with diastolic dip and plateau. 
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highly suggestive of pulmonary valvular stenosis (with intact ventricular septum). However, premature 
teats that fail to open the pulmonary valve produce a similarly shaped curve, even in the absence of 
irdiac abnormality. 

The diastolic dip and plateau. The features of this pattern have been fully described by Hansen et al. 
951). The phenomenon may be associated with either a dicrotic or an anacrotic systolic curve, but in 
ery instance in which it was found thus far severe heart disease was present. Consequently, it was found 
ore useful to include all tracings with a diastolic dip and plateau in a single group, rather than to classify 
2se patients on the basis of the systolic portion of the curve alone. 

Almost all of the tracings examined could be classified into one of the foregoing groups, if the entire 
icing was studied. However, certain types of artefacts are common and are frequently found in published 
sorts. The most common form is that produced by damping, which is especially apt to occur at the 
d of a length of tracing. Overshooting is also common, especially if the volume output of the right 
ntricle is increased. Frequently damping is not sufficiently severe to obscure the pattern of the tracing, 
t in certain instances it may do so. 

The use of different sensitivities in the recording of tracings may also be a source of some confusion. 
1 xe right ventricular pressure curve of patients with thyrotoxicosis is, at first sight, very similar to one of 
Imonary stenosis, but the pressure values are very different, being approximately normal in the former, 
t raised in the latter. The curve found in thyrotoxicosis is really a dicrotic one, but the downstroke 
iy be so rapid that the dicrotic notch is not as conspicuous as normally, with the result that the descent 
pears almost smooth. 
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THE RIGHT VENTRICULAR CURVE IN MITRAL VALVE DISEASE 


The significance of the different right ventricular patterns was illustrated when the records of patients 
ith mitral valve disease were studied. Post-operative studies were excluded, and this left 84 tracings 
ivailable for this investigation, of which only 5 could not be classified on account of artefact. Operative 
indings were available in 62 of the remaining 79 patients. 

In 15 instances, type A (dicrotic) curves were found. In 11 of these 15, operation was not advised, as 
the final assessment of the patient was that the degree of mitral valve disease was only minor, the calculated 
mitral valve area (Gorlin and Gorlin, 1951) exceeding 1-7 sq. cm. in all, while the right ventricular systolic 
pressures ranged between 20 and 48 mm. Hg. In all of these 11 patients, the pulmonary arteriolar resist- 
ances were within normal limits. The remaining 4 patients with dicrotic curves were explored surgically, 
In one, the mitral valve was reported to be ‘‘ only very moderately stenosed”’; in the second the surgeon found 
“a moderate stenosis and slight regurgitation’; “‘moderate stenosis and moderate regurgitation’’ were 
present at operation on the third patient; and in the last a tight stenosis was found, in association 
with a right ventricular systolic pressure of 48/0 and a calculated mitral valve area of 1:0 sq. cm. In these 
4 operated cases, the calculated pulmonary arteriolar resistances were also found to be within normal limits. 

There were 45 patients with type B (anacrotic) curves and of these 39 had operations. In 37 instances 
the surgeon found a tight mitral stenosis, associated with slight mitral regurgitation in 6 patients. The 2 
remaining had larger appertures with considerable mitral regurgitation. Of the 6 unoperated 
patients with anacrotic curves, medical treatment was considered sufficient for 3, while surgery was not 
advised for the remaining 3, owing to the patient’s age, the likelihood of predominant mitral regurgitation, 
or the patient’s terminal status. The operated patients were divided into those in whom the right ventricular 
systolic pressure exceeded 50 mm. Hg (25 patients), and those in whom it was less than that figure (14 
patients). Although the degree of mitral valve involvement tended to be somewhat more severe in the first, 
ic. those with the higher right ventricular pressures, thanin the second group, the height of the right 
ventricular systolic pressure was found to correlate much better with the pulmonary arteriolar resistance 
(Wood, 1954). Only 4 of the 25 patients in the first group had pulmonary arteriolar resistances less than 
5 units, whereas 11 of the 14 in the second group had normal pulmonary resistances. 

Type C curves (systolic plateau curve of mild pulmonary hypertension), were found in 5 of the 79 
patients with mitral disease in this series, and in 4 of the 5 instances operation was performed. In one 
the right ventricular systolic pressure was 55 mm. Hg, and the calculated mitral valve area was 1-0 sq. cm.: 
at operation, a tight mitral stenosis was found. In the remaining 4 the right ventricular systolic 
pressures were less than 50 mm. Hg, and the calculated mitral valve areas varied between 1-1 and 1-4 
sq.cm. Three of these were operated upon, and mitral regurgitation was present in addition to moderate 
mitral stenosis. The patient with the calculated valve area of 1-4 sq. cm. was not operated upon. The 
pulmonary arteriolar resistances in all these five were normal. 
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Regardless of the configuration of the systolic portion of the right ventricular pressure curve, all patient 
showing a diastolic dip and plateau pattern were found at operation to have severe mitral stenosis. There 
fore, the remaining 14 cases with mitral disease who exhibited this pattern are considered in this specic 
category, irrespective of the systolic portion of their curves. Five of this group had dicrotic systolic curve: 
and the other 9 had anacrotic curves. The patients with elevated pulmonary arteriolar resistances all ha 
anacrotic right ventricular systolic curves, but while some of those with normal pulmonary resistances ha 
dicrotic curves, others had anacrotic ones. 

None of the patients with mitral disease had either Type D or Type E curves. 











TABLE I 
Type of curve No. | No. operated | Operative findings Assessment of unoperated cases 
upon - 
Severe Mild M.S. Severe | Mild M.S. 
M.S. or M.R. M.S. or M.R. 
A 15 4 1 3 0 | 11 
B 45 39 39 0 3 3 
* 5 4 1 3 0 1 
Diastolic dip 14 14 14 0 0 0 


and plateau | 





Note: M.S.=mitral stenosis; M.R.=mitral regurgitation. 


Summary. The figures show a correlation between the contour of the right ventricular curve and the degree 
of involvement of the mitral valve. The dicrotic curve was usually found in association with mild or 
moderately severe mitral disease and a normal pulmonary arteriolar resistance. The type C curve (i.e. the 
systolic plateau of mild pulmonary hypertension) generally occurred in somewhat more severe cases. 
When the contour of the systolic curve was anacrotic or when a diastolic dip and plateau was present, the 
mitral valve was always severely involved.* This proved true even when the right ventricular pressure was 
not strikingly raised (i.e. less than 50 mm. Hg), the height of the right ventricular systolic pressure being 
related more to the pulmonary arteriolar resistance than to the size of the mitral orifice. 


THE RIGHT VENTRICULAR CURVE IN PULMONARY DISEASE 


Twenty patients with a variety of pulmonary diseases, including emphysema, pneumoconiosis, pul- 
monary fibrosis, and byssinosis, were studied. 

Dicrotic right ventricular systolic pressure curves were found in 6 of the patients. In 4 of these the 
right ventricular pressure was between 28 and 40 mm. Hg, and the pulmonary arteriolar resistance in each 
instance was within normal limits. The fifth had a right ventricular systolic pressure of 60 mm. Hg, 
despite a normal pulmonary arteriolar resistance, due to a cardiac output elevated to 8-1 l/min. The sixth 
had a right ventricular pressure of 75 mm. Hg, and an elevated pulmonary arteriolar resistance of 20 units. 
The stroke output was only 30 ml., which was felt to be an important factor in the production of « 
dicrotic curve in this patient. 

Six of these 20 patients had anacrotic curves, and with one exception, they had high right ventricular 
systolic pressures and elevated pulmonary arteriolar resistances. The one exception was in a patient wit) 
fibrosis of the lungs, who had a normal right ventricular pressure, normal pulmonary arteriolar resistanc: , 
and a normal stroke output. In 5 patients the right ventricular curve was of the type C variety: in all «f 
these, the right ventricular pressures were at the upper limit of normal, and the pulmonary arteriol: « 
resistances were either normal or only moderately elevated. 

Summary. In general a dicrotic curve occurred in those cases with a normal pulmonary resistanc: , 
an anacrotic contour in those with high resistances, and a type C curve in those with only moderate. ’ 
high resistances. A dicrotic pattern occurred in one patient with a high pulmonary resistance and : 
very small stroke output. The possible significance of this will be considered later. 


* Since these figures were compiled, a patient with mild mitral stenosis (valve area=1-8 sq. cm.) was found | 
have a diastolic dip and plateau, showing that the rule is not absolute. 











es 


sree 
| Or 
the 
Ses. 
the 
was 
ing 


pul- 


the 
sach 
Hg, 
ixth 
nits. 
of a 


ular 
wit ) 
Ncx, 
lif 
iole * 


inc: , 
ate 
nd 


id | 











RIGHT VENTRICULAR PRESSURE CURVES 


THE RIGHT VENTRICULAR CURVE IN CONGENITAL HEART DISEASE 


The right ventricular pressure curves displayed striking variations in the cases of congenital heart disease. 
Ventricular Septal Defect. The tracings from 16 patients with isolated ventricular septal defects and 
‘-om 2 with ventricular septal defects, infundibular stenosis, and left-to-right shunts were available for 
udy. Thirteen of the 16 patients with isolated ventricular septal defects had elevated pulmonary arteriolar 
ssistances, and in each instance, the right ventricular systolic curve was anacrotic in type. In 4 of these 
3, a diastolic dip and plateau was also present in the tracing. The two with normal pulmonary arteriolar 
»sistances were found to have dicrotic right ventricular pressure curves: in each of these, a substantial left- 
)-right shunt was present. The last patient in this group had a high pressure systolic plateau curve (type D): 
ie resistance could not be measured as he was only an infant. The 2 patients with ventricular septal 
efects and associated infundibular stenosis offer an interesting comparison. The right ventricular systolic 
ressures were approximately equal (90 and 85 mm. Hg), as were the mean pulmonary arterial pressures (28 
ad 20 mm.), but the shunts were of very different magnitudes, and the right ventricular pressure curves re- 
ected this difference. The patient with the larger shunt (pulmonary flow three times the systemic flow) 
ad an anacrotic curve, whereas the other (pulmonary flow 1-6 times the systemic flow) had a high pressure 
ystolic plateau curve. 

Atrial Septal Defect. 18 patients with isolated atrial septal defects were analysed. The 6 with 
icrotic curves had normal pulmonary arteriolar resistances, whereas the 7 with raised resistances were found 
) have anacrotic curves. The remaining 5 tracings could not be classified because of artefacts. This high 
icidence of artefacts was related to the very high flow rates through the right ventricle in these cases. 

The Tetralogy of Fallot. The right ventricular pressure curves in patients with the tetralogy of Fallot 
ere different from those found in pure pulmonary stenosis. This may be of considerable assistance in 

uifferentiating Fallot’s tetralogy from pulmonary stenosis with intact ventricular septum and right-to-left 
shunt through an atrial defect. Eight patients with Fallot’s tetralogy were examined, the diagnosis being 
confirmed at operation in three and at autopsy in a fourth. All showed a high pressure systolic plateau 
curve. This type of curve was found in only two other instances: an infant with a large ventricular 
septal defect only and another patient with a ventricular septal defect and infundibular stenosis. 

Pure Pulmonary Stenosis. Wiggers (1928) was the first to call attention to the fact that under experi- 
mental conditions, pulmonary stenosis alters the appearance of the right ventricular systolic pressure curve 
to a single monophasic hump. More recently, Harris (1955) emphasized this fact, and suggested that in- 
fundibular stenosis produces a different pattern, i.e. one similar to that found in pulmonary hypertension, 
and described above as the anacrotic curve. Twenty-two records were available for this study, when 
patients with infundibular stenosis and those with pulmonary valvular stenosis combined with septal defects 
(but excluding cyanotic tetralogies) were included with those of pure (isolated) pulmonary valvular stenosis. 
The characteristic type of curve (i.e. the symmetrical peaked curve) was found in 11 cases of pulmonary 
stenosis, including 2 with associated atrial septal defects. In 2 cases of pulmonary stenosis with only 
moderate elevation of the right ventricular systolic pressure (about 60 mm. Hg.) dicrotic curves occurred. 
Four of the 22 had associated ventricular septal defects; in 3 of these anacrotic curves occurred, while the 
fourth had a high pressure systolic plateau curve. One patient with infundibular stenosis, proved by 
catheterization and later by operation, had a symmetrical peaked curve. Two of the others without 
ventricular septal defects were found to have anacrotic curves, and in one of these the pull-back tracing was 
suggestive but not diagnostic of infundibular stenosis. The remaining two tracings could not be classified. 

The findings therefore support the view that the symmetrical peaked curve, associated with much right 
ventricular hypertension, strongly suggests pulmonary stenosis, usually valvular. An anacrotic curve in 
patients with pulmonary stenosis suggests an associated ventricular septal defect or infundibular rather 
than valvular narrowing. A dicrotic curve may be found in patients with mild pulmonary stenosis. 


DISCUSSION 


In view of the general agreement between the contour of the right ventricular systolic pressure 
curve and the degree, and sometimes the nature, of the various lesions studied, it is of interest to 
speculate on the possible factors that may be responsible for alteration in shape of these curves. 

The delayed rise of pressure during the descent from the peak of the dicrotic curve occurs 
about 0-08 sec. after the initial peak, and it is suggested here that the secondary pressure wave is a 
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phenomenon produced by the rebound of the primary wave from the pulmonary vascular bed. 
If this theory be true, the initial peak of the dicrotic curve is the point where the right ventricle i: 
contracting to maximum effect, and the pressure produced by it should begin to fall immediate], 
afterwards. Reduction of pressure will be augmented if the volume of blood in the commo: 
chamber of the right ventricle and pulmonary arteries also decreases; but this reduction of volum« 
cannot occur as efficiently as normally if the pulmonary arteriolar resistance is increased or if ther: 
is mitral valve disease or left ventricular failure. In these cases, the secondary wave tends to b« 
superimposed at a higher level of the downstroke of the right ventricular curve, and therefore tend 
to produce the systolic plateau of the type C curve. If the resistance to the primary wave is sti] 
greater, the rebound would (other factors being equal) also increase in magnitude and conse 
quently the anacrotic pattern would be produced. The notch on the upstroke of the anacrotic 
curve is therefore equivalent to the peak of the dicrotic curve, whereas the apex of the systolic portio1 
of the anacrotic tracing is the counterpart of the secondary pressure wave on the downstroke o! 
the dicrotic curve. 

Since a key factor in the production of the anacrotic curve is the inability of a sufficient volume 
of blood to escape from the pulmonary artery, the importance of stroke output is obvious. The 
only occasion that a dicrotic curve was found in the presence of a much raised pulmonary 
arteriolar resistance was in a patient with a very small stroke output. The anacrotic curve was 
often found in patients with normal pulmonary resistances, if tight mitral stenosis or severe mitral 
regurgitation was present, thereby showing that the obstruction to flow, necessary for the production 
of this pattern, could occur beyond the small vessels in the lungs. 

The systolic plateau, found in the tracings of patients with the tetralogy of Fallot, would appear 
to be produced in a different manner to the somewhat similar plateau of the type C curve. Owing 
to the overriding aorta, the right ventricular pressure in these cases cannot exceed the aortic and the 
left ventricular systolic pressure, but it is also true that it cannot fall if the left ventricular pressure 
is maintained. The right ventricular curve therefore shows a prolonged systolic elevation followed 
by an abrupt drop, i.e. a pattern similar to that usually found in the left ventricular tracing. This 
explanation could also account for the occurrence of this type of curve in certain cases of ventricular 
septal defects in whom the shunt is from left to right. 

The simplest contour is the symmetrical peaked curve of pulmonary stenosis. This is similar 
to the curve produced, at a lower pressure level, by an ectopic beat that fails to open the pulmonary 
valve. The feature common to these two conditions, is the failure of the pulmonary artery and the 
right ventricle to become a common chamber. Consequently, the work of the right ventricle is 
performed against a fairly constant resistance, and in addition, the right ventricular curve is pro- 
tected against rebound pressure waves from the pulmonary vascular bed. 


’ SUMMARY 


Five basic types of right ventricular systolic pressure curves are described in addition to the 
diastolic “‘dip and plateau”’. The relationship between these patterns and various cardiac condi 
tions is examined and theories are proposed to account for the various systolic patterns. 
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Among the many unsolved problems in bundle-branch block, the question of the modification 
c the mechanical systole and the relationship between mechanical and electrical systole resulting 
fom experimental interruption of the left or right branch of the bundle of His has aroused special 
ii.terest. 

This problem was considered in 1911 by Eppinger and Rothberger who described the electro- 
curdiographic pattern of the bundle-branch block for the first time. These authors claimed that 
bundle-branch block causes asynchrony of the ventricular systole by retarding the contraction of 
the ventricle whose branch is damaged, but in numerous subsequent studies opinions on this question 
are still divided. Whereas Katz et a/. (1935) and Braun-Mendenez and Solari (1939) have main- 
tained that it is possible to have an intraventricular block without appreciable asynchronism between 
the two ventricles, Samet et a/. (1950) have obtained opposing results, and other authors (Katz, 
1925; Groedel, 1944; Chamberlein et al., 1947; Richards et a/l., 1947; Ellinger et al., 1948; Coblentz 
et al., 1949; Segers and Hendrick, 1951; Gigli and Muiesan, 1956; Gray, 1956) have observed various 
degrees of delay between the mechanical systole of the blocked ventricle and the mechanical systole 
of the other ventricle. Such studies are for the most part clinical and are necessarily based on 
methods (simultaneous recording of electrocardography, phonocardiography, cardiography, arterial 
sphygmography, and roentgenkymography of the great vessels) by which the beginning of the iso- 
metric systole of the two ventricles is not recorded and the beginning of isotonic systole or other 
phases of the cardiac cycle is indicated only indirectly. 

Recently Braunwald and Morrow (1957), by means of catheterization of both ventricles, deter- 
mined the relationship between the ventricular contractions in patients with right and left bundle- 
branch block. They observed that only in some of the cases was the beginning of the contraction 
of the blocked ventricle delayed. 

In evaluating the results of the research carried out by these various authors it must be remem- 
bered first that the existence of an electrocardiographic picture of left or right branch block does 
not necessarily indicate the existence of an anatomical interruption of the branch at the bundle of 
His (Segers, 1949; Lasser et a/., 1951; Alzamora-Castro et al., 1953; Donoso et al., 1955; Braun- 
wald et al/., 1956). Further, since the duration of the isometric systole in the two ventricles can vary 
even in physiological conditions (Samet et a/., 1950), it is impossible to calculate the time of the 
beginning of the ventricular contraction from the beginning of isotonic systole. Moreover, an 
asynchronism in the closing of the semilunar valve is often present in cases in which there is no 
asynchronism in the beginning of the ventricular contraction (Braunwald and Morrow, 1957). 
Finally there may be myocardial lesions, valvular defects, or abnormalities in the pressure gradients 
in the different parts of the cardiovascular system—conditions often observed in patients with 
bundle-branch block—any of which may interfere, producing disorders of conduction and affecting 
463 
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the time of appearance and duration of the different phases of the cardiac cycle (isotonic systole 
isometric systole, ventricular ejection, or closure of the semilunar valves). 

Our first object in the experiments described in this paper was to study this problem by record 
ing simultaneously intracardiac pressures and electrograms in both ventricles before and after let 
and right bundle-branch block. Our second object was to compare the intracardiac electrc 
grams recorded simultaneously in the two ventricles. This, which, as far as we know, has neve: 
been done before enables one to compare the entire process of depolarization in the two ventricle: 
This approach was suggested by the work of Kennamer and Prinzmetal (1954) and Sodi-Pallares «' 
al. (1955), who observed that the precordial and epicardiac leads do not record potentials generate | 
in the interior two-thirds of the ventricular wall. Intracardiac electrocardiography, furthermor: , 
enables one to record local low voltage potentials that would not be detected by peripher:| 
leads. 

This study also contains a histological examination of the interatrial and interventricular septur 1 
in two hearts in which the left branch of the bundle of His has been resected. 


MATERIAL AND METHODS 


The experiments were carried out on 33 medium- and large-sized adult dogs of both sexes. Right bundle- 
branch block was produced in 18, and left bundle-branch block in 15 of these. All the experiments were 
carried out under general anesthesia. Two catheters were placed in each ventricle; the right ventricle 
catheters were introduced through the two external jugular veins and the left ventricle catheters through a 
common carotid artery and a femoral artery. The catheterization was carried out under radioscopic control. 

The first of each pair of catheters was an ordinary Cournand catheter, kept open with a continuous 
heparinized saline drip and connected to a Sanborn electromanometer for the recording of intracardiac 
pressures. At the distal end of the other catheter there was a silver electrode connected, by means of a 
metal wire inside the lumen, to a precordial lead of an electrocardiogram. In this way the electrograms 
in each ventricular cavity were recorded. 

Electrocardiograms and pressure tracings were recorded on a Twin-Viso Sanborn machine with a 
paper speed of 100 mm./sec. 

The position of the four catheters was checked, not only on the fluoroscopic screen, but also by the 
shape of the cardiograms and pressure tracings. Care was taken to avoid extrasystoles due to mechanical 
stimulation of the ventricular walls. 

Initially and after production of bundle-branch block the following pairs of tracings were recorded, 
together with standard cardiography. 


1. Pressures and intracardiac electrogram of the right ventricle. 
2. Pressures and intracardiac electrogram of the left ventricle. 
3. Pressures of the right and left ventricles. 

4. Intracardiac electrogram of the right and left ventricles. 


The thorax was opened by means of a large incision at the fourth intercostal space, the parietal pleura 
was incised and opened wide to uncover the pericardial sac, which was opened after its surface had been 
sprinkled with 1 per cent scurocain solution. To maintain respiration with the thorax open a Magill tule 
connected to a cylinder containing soda lime was introduced into the trachea and oxygen was pumped 1 
rhythmically by means of an anesthesia balloon. 

To produce the right bundle-branch block, a large suture needle, with its concavity up and to the let , 
was introduced through the anterior wall of the right ventricle near the intraventricular septum and immec - 
ately below the conus of the pulmonary artery. In this way, when the needle was turned a lesion was pr: - 
duced on the right surface of the septum. 

Left bundle-branch block was produced by introducing the needle through the anterior wall of t! : 
left ventricle and passing the point on to the left face of the septum. 

The appearance of bundle-branch block was confirmed in both intracardiac and peripheral leac °. 
(Fig. 1 and 2.) 
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RESULTS 


Relationship between the mechanical systoles of the blocked ventricle and its contralateral. Initially 
i: ometric systole was observed to begin simultaneously in both ventricles in all cases. After right bundle- 
t anch block, the isometric contraction of the right ventricle began 0-02-0-06 sec. after that of the left 
\ ntricle (Fig. 3); and similarly, after left bundle-branch block, the isometric contraction of the left ventricle 
t :gan 0:02-0:05 sec. after that of the right ventricle (Fig. 4). 
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Fic. 1.—Dog. Peripheral and intracardiac leads before 
(above) and after (below) right bundle-branch 
block. 











Fic. 3.—Dog. Right (above) and left (below) ventric- 
ular pressure curve before (a) and after (b) right 
bundle-branch block. 
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Fic. 2.—Dog. Peripheral and intracardiac leads before 
(above) and after (below) left bundle-branch 
block. 
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Fic. 4.—Dog. Right (above) and left (below) ventric- 
ular pressure curve before (a) and after (b) left 
bundle-branch block. 
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Relationship between electrical and mechanical systole in the blocked ventricle. Initially in both ven 
tricles the delay between electric and mechanical events was 0-04-0-06 sec. After right bundle-brancl 
block, this interval was lengthened in the right ventricle by varying amounts in different experiments, fron 
0-03-0-06 sec. (the increase was 0-02 sec. in two cases) so that mechanical systole began 0-08-0-12 sec. afte 
the beginning of electrical systole (Fig. 5). After left bundle-branch block, the same interval increase: 
by 0:03-0:04 sec. (in one case there was no increase), this making the delay between electrical and mechan 
ical systole 0-07-0-09 sec. (Fig. 6). 

Relationship between electrical and mechanical systole in the contralateral ventricle. Yn all but three o 
our experiments no change in the relationship between mechanical and electrical systole in the contralatera 
ventricle was found after section of a branch of the bundle of His (Fig. 7, 8). In one right bundle-branc! 
block and one left bundle-branch block an increase in delay of 0-01 sec. was observed, and in a third case th 
increase was 0-02 sec. 
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Fic. 5.—Dog. Right ventricular pressure curve Fic. 6.—Dog. Left ventricular intracavitary electro- 
(above), right ventricular intracavitary electrogram gram (above), left ventricular pressure curve (below) 
(below) before (a) and after (b) right bundle-branch before (a) and after (b) left bundle-branch block. 
block. 


Morphology of the rapid complex in the cavity of the left ventricle. Initially a QS complex was always 
recorded from the cavity of the left ventricle (Fig. 1, 2, 6, 7, 9, 10). After right bundle-branch block, 
notching or thickening of this negative complex was observed (Fig. 1, 7, 10). After left bundle-branch 
block a small Q wave remained in 11 cases (Fig. 2, 6). In all cases a large R wave followed by an S wave 
of varying depth appeared (Fig. 2, 6, 9). In several cases the intracardiac electrode was moved inside the 
ventricle, producing modifications in the form of the rapid complex and variations in the relationsh’p 
between the R and S waves (Fig. 9). 

Morphology of the rapid complex in the cavity of the right ventricle. Initially in the right ventricul:r 
cavity the rapid complex generally consists of a QS wave (Fig. 1, 2, 5, 8, 9, 10); in 6 cases an rS compl: x 
was recorded; in 2 cases both a QS and an rS complex were recorded successively. 

After right bundle-branch block, a large R wave appeared (Fig. 1, 5, 10); an RS complex was record: 1 
in 6 cases, Rs in 1, qRS in 6, rsR’S’ in 4, rR’Sin 1, rR’sin 2, Rin 1. Very often two or more of the 2 
patterns appeared in succession, and variations in the relationship between the R and S waves were fr - 
quently observed. 

After left bundle-branch block the form of the rapid complex in the right ventricular cavity was u - 
changed (Fig. 2, 8, 9); of the two cases in which an rS complex was recorded initially, one remain: 1 
unchanged and a QS wave appeared in the other. 
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Fi.. 7.—Dog. Left ventricular intracavitary Fic. 8.—Dog. Right ventricular pressure curve (above), 
electrogram (above), left ventricular pressure right ventricular intracavitary electrogram (below) 
curve (below) before (a) and after (b) right before (a) and after (b) left bundle-branch block. 


bundle-branch block. 


Morphology of the T wave in the cavity of the left ventricle. Initially the T wave was positive in 24 cases 
and negative in 9 (Fig. 1, 2, 6, 7,9, 10). After right bundle-branch block it remained positive in 8 out of 10 
cases, became positive in 7 out of 9 cases formerly negative; a negative T wave was observed in 3 cases, in 
2 of which it was formerly positive (Fig. 1, 7, 10). After left bundle-branch block the T wave became 
negative in all cases; in those where it had been negative in basal conditions it became more negative 
(Fig. 2, 6, 9). 

Morphology of the T wave in the cavity of the right ventricle. Initially the T wave was positive in 26 cases, 
and negative in the other 7 (Fig. 1, 2, 5, 8, 9, 10). After right bundle-branch block the T wave became 
negative in all cases (Fig. 1, 5, 10); in those where it had been negative in basal conditions it became 
more negative (Fig. 2, 8, 9). Conversely, after left bundle-branch block, the T wave became positive in all 
cases; where it had been positive initially it became more positive. 
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Fic. 9.—Dog N.76 b. Left (above) and right (below) ventricular electro- 
gram in basal conditions (a) and after left bundle-branch block, while 
moving the left intracardiac electrode (b, c, d, e). 
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Intrinsic deflection in the cavity of the left ventricle. Initially the interval between the beginning of t! 
rapid complex and the peak of the S wave was 0:01-0:03 sec. (Fig. 1, 2, 6, 7,9, 10). After right bundl 
branch block there was no change in 12 cases, and a slight increase compared with the initial values in 
(0-005 sec. in 5 cases, 0-001 sec. in 1) (Fig. 1, 7, 10). After left bundle-branch block the end of t! 
intrinsic deflection was recorded 0:05-0:08 sec. after the beginning of the rapid complex: thus it was delaye ., 
compared with the initial values, by 0-02-0-065 sec. (Fig. 2, 6, 9). 

Intrinsic deflection in the cavity of the right ventricle. Initially the interval between the beginning of t 
rapid complex and the end of the intrinsic deflection was 0-01-0-025 sec. (Fig. 1, 2, 5, 8, 9, 10). Aft 
right bundle-branch block the end of the intrinsic deflection was recorded 0:04-0:09 sec. after the beginnii 
of the rapid complex; thus the interval was increased by 0-03-0-065 sec. compared with the initial valu 
(Fig. 1, 5, 10). After left bundle-branch block there were slight changes in the interval between the begi 
ning of the rapid complex and the end of the intrinsic deflection in only 3 cases, an increase of 0-005 se :. 
in 2 cases and 0-015 sec. in 1 (Fig. 2, 8, 9). 

Duration of the rapid complex in the right and left intracardiac leads. Neither before nor after rig it 
or left bundle-branch block was there any difference between the duration of the rapid ventricular compk x 
recorded from the left and right ventricles. The duration was 0-03-0-06 sec. before and 0:08-0:11 se:. 
after right bundle-branch block, so that there was an increase of 0-02-0-05 sec. compared with the initial 
values; after left bundle-branch block, the duration of the rapid ventricular complex was 0-06-0-10 sec., 
an increase of 0-01-0-05 sec. compared with the initial values (Fig. 1, 2, 5, 6, 7, 8, 9, 10). 

On two hearts in which we had produced left bundle-branch block by means of a lesion of the left septal 
surface, histological examination clearly demonstrated a lesion interrupting the left branch (Fig. 11). All 
the fibres of this branch were interrupted in the region of the sub-endocardial septum, but it must be borne 
in mind that since the branch divides into numerous branches within a few millimetres of its beginning, the 
section could have been made below the first subdivisions of the branch. 
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Fic. 10.—Dog. Left (above) and right (below) 
ventricular intracavitary electrogram before (a) 
and after (b) right bundle-branch block. 
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Fic. 11.—Lacerated and sectioned fibres of the :ft 
branch of the bundle of His below the :;ft 
septal endocardiac surface. 
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DISCUSSION 


Measurements of the time interval between the beginning of the electrical systole and the begin- 
1ing of the mechanical systole of each ventricle, and between the mechanical systole of the two 
entricles, in normal conditions and after section of one branch of the bundle of His have shown 
hat the mechanical systole of the ventricle whose branch has been cut is delayed, while the relation- 
hip between the electrical and mechanical events in the opposite ventricle remains unchanged. 
“he delay in mechanical systole of the blocked ventricle is the same as the delay in the intrinsic 
leflection of the same ventricle. 

Examination of intracardiac electrograms shows that the data we have obtained in normal 
‘onditions as to the morphology of the rapid depolarization complex is in agreement with 
he observations of other authors. In the left ventricle we have always recorded a QS complex. 
n the right ventricle we have sometimes recorded a QS complex (25 cases), sometimes an rS com- 
lex (6 cases), and in 2 cases both kinds of complex successively. This last finding is confirmation 
f the fact that in the right ventricle the recording of a completely negative complex or of a com- 
lex preceded by a small R wave depends on the position of the electrode in the ventricle. 

Our results do not support the view that intracardiac leads record a negative T wave either in 
he right or the left ventricle. The T wave was positive 26 times in the right ventricle and 24 times 
n the left ventricle, whereas it was negative only 7 and 9 times respectively. The possibility that 
hese variations were due to mechanical irritation of the endocardium by the intracardiac electrode 
an be excluded, as there were no extrasystoles and none of the S-T changes that are the most 
requent expression of such irritation. Probably these T changes are due to the changing position 
»f the electrode in the ventricle. In some of our experiments, flat, negative, or positive T waves were 
»roduced simply by pushing or pulling the electrode without producing any signs of its touching 
ihe ventricular wall. 

The time between the beginning of the rapid complex and the end of the intrinsic deflection was 
0-010-0-025 sec. in the right ventricle, and 0-010—0-030 sec. in the left ventricle. The duration of the 
intrinsic deflection was 0-010-0-015 sec. in both ventricles. In these intracardiac tracings the 
intrinsic deflection, or better the end of the intrinsic deflection, indicated the moment when the 
depolarization dipole, having activated the subendocardial layers of the ventricular myocardium, 
leaves the exploring electrode: if this is placed very close to the ventricular wall it shows in par- 
ticular the passage of the activating wave in this point (Latour and Puech, 1957). 

The morphology of the complex after section of the right and left branch of the bundle of His 
shows constant and characteristic changes. 

A large R wave appears in the cavity of the blocked ventricle, while the S wave is significantly 
reduced in amplitude. Kennamer and Prinzmetal (1954) affirmed that complete bundle-branch 
block causes the disappearance or great reduction of the S wave, and that a fairly deep S wave 
would remain only where the block was incomplete. Our findings do not agree with these observa- 
tions: even where the increased duration of the rapid complex, the morphology of the tracings in the 
peripheral leads, and the marked delay of the intrinsic deflection demonstrated complete block, a 
deep S wave was recorded in the blocked wave (RS, Rs, rR’S, RR’S, rsR’S’ were all observed). 
Sodi-Pallares et al. (1955) have also recently obtained results that, in agreement with ours, fail 
to confirm Kennamer and Prinzmetal’s conclusions and suggest that in the blocked ventricle, the 
details of the morphology of the rapid complex can vary with the position of the electrode. We 
too were able to support this view, as several times in the course of the same experiment we pro- 
duced changes in the shape of the rapid complex by moving the intracardiac electrode, avoid- 
ing contact between the electrode and the endocardium. 

According to Kennamer and Prinzmetal (1954) the R wave recorded in the cavity of the blocked 
ventricle is later than the R recorded in the external layers of the wall and of the epicardiac surface, 
and therefore cannot be considered to be transmitted from the ventricular cavity, nor as originating 
in the depolarization of the septum. Since this is not possible to determine directly from the time 
of appearance of the intramural or epicardial R wave, it seems to us that it cannot be considered 
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delayed as it can be recorded immediately the impulse arrives at the left septal surface, that is fron 
the inception of ventricular depolarization: thus this wave begins at the same moment as the elec 
trode in the contralateral ventricular cavity records the appearance of the Q wave (Fig. 9, b, c; 10) 

The left intraventricular tracing after section of the left branch of the bundle of His showed tha 
in 11 cases out of 15 the rapid complex began with a small q wave. The persistence of a q wave i 
the left ventricular cavity even after left bundle-branch block—a phenomenon that had not bee 
observed before—indicates the persistence of a left-to-right activation current of the septum. Th 
left branch of the bundle of His, unlike the right, remains undivided only for a very short distanc 
and then divides into numerous branches, and the persistence of the small q wave is probabl: 
due to incomplete section, one or more of the branches that leads from the left branch of th 
bundle of His to the intraventricular septum having been left intact. 

In the right intracardiac electrographic tracings after section of the corresponding branc! 
of the bundle of His, the initial large R wave indicates activation of the septum from left to right 
and of a part of the musculature of the left ventricle. The end of the intrinsic deflection indicate 
the moment when the stimulus, which has reached the right surface of the septum below the bloc} 
by abnormal pathways, causes depolarization of the right ventricular wall. In the left intracardia 
electrographic tracings after bundle-branch block the small q wave indicates activation fron 
left to right of a zone in the septum; the R wave corresponds to activation from right to left of th« 
remaining portion of the septum, and of a part of the right ventricle. The end of the intrinsic 
deflection coincides with the arrival of the stimulus at the left surface of the septum and thus with 
the depolarization of the muscular wall of the left ventricle. 


After bundle-branch block there is always an increase in the interval between the beginning of 


the rapid complex and the end of the intrinsic deflection: this is due to the delay suffered by the 
activating wave in reaching the blocked ventricle. Kennamer.and Prinzmetal (1954) have stated 
that the impulse not only arrives late at the resected part of the bundle of His, but also follows 
abnormal pathways in spreading to the wall of the blocked ventricle. In opposition to this, Sodi- 
Pallares et al. (1955) have stated that the stimulus, which has reached the Purkinje network of the 
septum by abnormal pathways below the interruption in the branch, then spreads normally in the 
wall of the corresponding ventricle. These authors were led to this conclusion by their observa- 
tions that the speed and direction of the exciting wave, studied at neighbouring points of the ven- 
tricular myocardium by means of differential bipolar leads, remain unchanged after section of a 
branch of the bundle of His. Our results, although they do not permit us to recognize the direction 
followed by the stimulus in the thickness of the ventricular wall, are in agreement with the hypo- 
thesis of Sodi-Pallares et a/. rather than with that of Kennamer and Prinzmetal. In effect, the 
changes in the rapid complex in the cavity of the blocked ventricle are restricted to the part of it 
that precedes the intrinsic deflection and therefore reflects the activation of the contralateral ven- 
tricle. The second part of the intraventricular complex, corresponding to the activation of the 
myocardium of the blocked ventricle, remains normal. 

The T wave too, after right or left branch block, undergoes constant and characteristic changes 
Section of a branch of the bundle of His causes inversion or accentuation of the negativity of th: 
T wave in the corresponding ventricle. The inversion of the T wave in the course of branch bloc! 
has already been reported; it corresponds to modification of the process of repolarization. How 
ever, we have not found any clear description of the behaviour of the T wave in the unaffecte: 
ventricle. Here, in most cases (30 out of 35), the T wave becomes positive, and taller if it wa 
already positive in normal conditions. As it is believed that section of a branch of the bundl: 
of His does not cause changes in the depolarization of the contralateral ventricle, we do no 
believe that the alterations in the T wave can be attributed to modifications in the repolarization o 
this ventricle. It is probable, on the contrary, that the characteristic behaviour of the T wave i 
the two ventricles is related to the direction of the repolarization of the septum; according to Sodi 
Pallares et al. (1955) this is from left to right after right bundle-branch block, and from right to lef 
after left bundle-branch block. 
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SUMMARY AND CONCLUSIONS 


In order to examine the influence of bundle-branch block on mechanical systole and the intra- 
vitary electrogram, we recorded the ventricular pressure curves and the intracavitary electro- 
im of both ventricles before and after section of the right and left branches of the bundle of 
s in the dog. 

In the blocked ventricle the delay between electrical and mechanical events increases, and the 
»chanical systole is delayed: this delay corresponds to the delay in the intrinsic deflection of the 
ne ventricle. The delay between electrical and mechanical events in the opposite ventricle is 
changed. 

In normal conditions we have always recorded a QS complex or else an rS complex in the left 
\ atricle according to the position of the electrode in the ventricular cavity. The T wave in both 
ntricles is generally positive, though occasionally negative: this variation too is probably related 
the position of the intracavitary electrode. 

After section of the right bundle of His a large R wave is recorded in the blocked ventricle; its rela- 
n to the S wave does not vary with the degree of the block but with the position of the intracavitary 
ctrode. After section of the left branch a small q wave is often recorded in the left ventricular 
vity. This records the activation of part of the septum from left to right, probably by some off- 
»0t of the left branch which has remained intact above the point of section. 

The R wave recorded in the cavity of the blocked ventricle is not delayed, but begins simul- 
ieously with the beginning of ventricular depolarization. 

In the blocked ventricle the end of the intrinsic deflection is delayed, while the section between the 
lk. west point of the S wave and the end of the complex remains normal. This shows that the 
s)read of the stimulus is impaired until it reaches the blocked ventricle, whereas the subsequent 
process of ventricular depolarization remains unchanged. 

In accordance with the changes in the repolarization of the blocked ventricle the T wave in the 
corresponding intracavitary tracing becomes negative. In the opposite ventricle the T wave 
becomes positive or more positive. 
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Obstruction to the outflow of the right ventricle may be at the pulmonary valve, the infundibul«r 
region, or both, and may be associated with defects in the septa. The normal and pathologici.| 
anatomy of this area has been fully described by Brock (1957), and various surgical techniqucs 
have been suggested and practised for dividing the valve or relieving the infundibular stenosis. 

(1) Transventricular approach using a valvotome and splitter to open the valve and a punch to 
remove the infundibular thickening—with intact circulation (Sellors, 1948; Brock, 1948). 

(2) Transarterial approach using a valvotome to cut the valve—with intact circulation (Potis 
et al., 1950; Sondergaard, 1952; Pettersen, 1954). 

(3) Open transarterial approach to the pulmonary valve with circulatory occlusion under 
hypothermia (Swan and Blount, 1956). 

(4) Open transarterial or transventricular approach to the valve and infundibular region using 
a cardio-pulmonary by-pass. ' 

Since 1954, 92 operations on the pulmonary valve and infundibulum have been performed at 
the Royal Liverpool Children’s Hospital and Broadgreen Hospital, and the experience with these 
forms the basis of the subsequent observations. In the first 16 cases attempts were made to divide 
the valve through the ventricle or the pulmonary artery by means of a valvotome and stretcher. 
Although a complete division of the valve is possible by these methods, the disadvantage of either 
approach appeared to be that the valve is usually only partially divided and then stretched without 
further splitting. Manometric readings at this stage are somewhat difficult to interpret, and 
no confirmation of the resultant size of the opening was obtainable, either by sight or by finger pal- 
pation. The final result was often disappointing. In cases of pure pulmonary stenosis the right 
ventricular strain was often only partially relieved, and in cases with an associated ventricular 
septal defect and hypoplasia of the valve and pulmonary artery (tetrad of Fallot) the technical 
difficulties of dividing a miniature valve completely made the operation somewhat hazardous. 

This blind approach to the pulmonary valve was abandoned in favour of the direct visual] 
exposure through the pulmonary artery and this has been used in 61 cases. Not only can the valve 
be seen directly and be accurately divided to the valve ring, but the finger can be passed through 
it into the right ventricle to ensure that there is no true infundibular stenosis. If such a stenosis ‘s 
found, it can then be approached through the divided valve and the amount of material punched 
out controlled by finger palpation. Although this approach to an infundibular stenosis cannot 
be considered ideal, it is less disturbing to the heart than a transventricular approach and hi: 
the advantage that a tactile check of the residual opening can be made. There is little doubt th 
if the presence of an infundibular stenosis is demonstrated or suspected at the pre-operati' 
catheterization, its complete removal can be guaranteed only by a direct visual approach. The tin 
required for this together with any plastic repair on the outflow tract of the right ventricle demand ; 
at present, the use of a cardiopulmonary by-pass. It has been argued that in pulmonary val 
stenosis, the evidence obtained at pre-operative catheterization can not always guarantee that son ¢ 
degree of fibrotic infundibular stenosis or a small ventricular septal defect will not be found, ar 1 
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in centres where a cardiac-pulmonary by-pass is in routine daily use, virtually all patients with a 


eulmonary valve stenosis are operated upon by this means (Gross, 1958; Lillehei, 1958). Neverthe- 
‘ss, increasing experience in the interpretation of catheter readings, selective angiocardiograms, 
ad electrocardiograms now usually makes possible the correct anatomical diagnosis of an un- 
ymplicated pulmonary valve stenosis, so that it seems hardly justified in such cases to substitute 
)r the simple transarterial approach an elaborate and time-consuming technical procedure to under- 
‘ke its division. There is, however, a group of cases with the pressures in the right and in the 
ft ventricles approximately the same, so that a small ventricular septal defect may not be demon- 
rated, and in such cases the use of a cardiac-pulmonary by-pass would seem to be indicated. 


SELECTION OF CASES FOR OPERATION 


Pulmonary stenosis with intact ventricular septum presents as four clinical groups. 

(a) Infants or very young children showing dyspnoea or cardiac failure. They are occasionally 
anosed due to the severe peripheral anoxemia secondary to the reduced cardiac output or to 
versal of flow through a patent foramen ovale. © In such children a leathery type of valve is found, 

\ ther alone or associated with a tubular type of infundibular stenosis. The whole outflow tract 
‘the right ventricle, the pulmonary valve, and the pulmonary trunk are usually hypoplastic. 

When a systolic murmur has been discovered incidentally in an asymptomatic infant and the 
ibsequent investigation reveals the presence of pulmonary stenosis, operation is carried out at 
is stage only if the R.V. pressure is over 100 mm. Hg. The dangers of waiting until the infant has 

:-ached the age of five or so are not great, providing that there are no symptoms and the electro- 
cardiogram is not developing signs of right ventricular strain. The operation is technically easier 
io perform at about the age of five years than at a few months old. 

(b) The child in whom a cardiac murmur has been discovered by the family physician or at a 
routine school medical examination. Such children may complain of some dyspnoea, but often 
appear to be asymptomatic, although on close questioning they or their parents often admit that they 
are mildly disabled and unable to compete with their companions. 

In these children we have adopted the policy that if there is a right ventricular pressure of more 
than 60 mm. Hg, operation should be advised, for the stenosis must be considerable to produce 
these pressure changes, and the chance of the span of life being shortened is high. Serial electro- 
cardiograms that show a progressive climbing of the R wave are a clear indication that operation 
should be undertaken, and S-T depression suggests some urgency. 

When the catheter studies show a valvar stenosis or an infundibular diaphragm (indicating the 
probable presence of a subvalvar chamber) there is little hesitation in recommending operation 
by the method described. When, however, the findings suggest a long infundibular stenosis then 
the operation is better performed with a cardio-pulmonary by-pass. 

(c) The young adult who has reached this age because no surgical procedure has been possible 
until the last few years. He may have considerable symptoms, cardiac enlargement, and a large 
pressure gradient across the valve, and is clearly a candidate for relief of the stenosis. Nevertheless 
the strained, irritable myocardium make the operation technically more hazardous, and the post- 
operative course may be less straightforward. 

(d) A few adults who have survived to an age of 50 or 60 with a large heart and generally some 
aneurysmal dilatation of the pulmonary artery. The state of the myocardium makes valvotomy 
truly dangerous here, and the decision about advising operation may well be difficult. 

When an atrial septal defect is present there may be some difficulty in deciding how much true 
pulmonary stenosis exists and how much the gradient across the valve is due to increased blood 
flow. With an atrial septal defect having a large left-to-right shunt, a gradient of up to 50 mm. 
across a normal valve may well occur. In findings such as this closure of the atrial septal defect is 
indicated in the first instance. If a significant gradient across the pulmonary valve persists and a 
systolic thrill is still present over the pulmonary valve then exploration of the valve should be done. 
The radiological appearance of the vasculature of the lung fields is a valuable guide to the presence 
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of true pulmonary stenosis in these patients. Normal or diminished vascular markings with a 
gradient of 50 mm. or more across the pulmonary valve would strongly indicate enough stenosis 
to require surgical relief. This can be carried out conveniently at the same time as the suture of 
the atrial septal defect. In some with high ventricular pressure the shunt through the atrial septal 
defect may be reversed so that there is cyanosis, and then the first procedure is to undertake pul. 
monary valvotomy: suture of the atrial septal defect can be undertaken at the same time or as a 
second operation. The cardiac condition after pulmonary valvotomy in these intermittently 
cyanosed patients may well suggest that suture of the atrial septal defect would be wiser at a late: 
stage. 

In the presence of a ventricular septal defect with or without overriding of the aorta, the direc' 
treatment of the pulmonary stenosis has to be considered with care. If the pulmonary valve ring 
is of the same size as that of the aorta and the valve is widely opened, the patient is left with a ven- 
tricular septal defect allowing a large left-to-right shunt and the danger of developing pulmonary 
hypertension. Only a partial opening of the pulmonary valve, which may be very difficuli 
to assess, or a complete structural repair with the help of a cardio-pulmonary by-pass must be done 
Where there is much disproportion between the aorta and pulmonary valve rings and a ventricular 
septal defect, as is found in most patients with Fallot’s tetralogy, a full opening of the pulmonary 
valve or an infundibular obstruction is permissible and indeed advisable. In the presence of a long 
tubular infundibular stenosis, Blalock’s systemic-pulmonary anastomosis may well be considered 
the safer procedure to adopt, particularly in a young, severely cyanosed child whose condition 
demands early relief. While an internal reconstruction of the normal anatomy must be the ultimate 
aim in patients with Fallot’s tetralogy, yet in some the lack of development of the outflow tract of the 
right ventricle and the pulmonary valve might well prevent the pay up of this region to a level 
that is physiologically satisfactory. 

How thin the wall of a narrowed outflow tract of the right ventricle can be made without subse- 
quent aneurysm formation is not yet clear. Inserts of compressed Ivalon sponge into the infundi- 
bular wall or across the valve ring have been suggested (Kirklin et a/., 1959) to enlarge the lumen, 
but the ultimate fate of such material is undecided. Certainly a resulting pulmonary valvular 
regurgitation of any severe degree, while generally of little immediate consequence, should be 
viewed with concern as to the long-term effect on the right ventricle. 


THE OPERATION 


A transarterial approach to the pulmonary valve with circulatory occlusion has generally been per- 
formed under hypothermia, but this adjunct does not appear to be necessary. Provided full oxygenation 
of the tissues by some degree of hyperventilation is produced immediately before the circulatory arrest, a 
period of three minutes is available for the division of the valve without hypothermia. In order that ful! 
utilization can be made of this time a complete preparation up to the stage of valve exposure is made before 
the circulation is interrupted. No difficulty has been found in dividing the valve satisfactorily in this 
time, but if an infundibular stenosis is present as well, a longer period may be required. This can be ob- 
tained by reclamping the incision in the pulmonary artery at the end of three minutes, and releasing the cava! 
tourniquets. The normal circulation is allowed to continue for five minutes, and then the cardiac inflow is 
again arrested and a further three minutes is available for dealing with the obstruction in the right ventricula 
outflow tract. This can be repeated a third time if necessary. 

After occlusion of the venz cave the pressure in the systemic circulation falls in 20 seconds to between 
10-15 mm. Hg where it balances up with the raised venous pressure. Fifteen seconds after the venou 
occlusion the electroencephalogram shows that the cerebral activity has ceased: that is more rapid thai 
would be expected with anoxia and is almost certainly due to cerebral vascular congestion. After thre 
minutes of the superior vena caval obstruction, it does not return to normal until the circulation has bee: 
re-established for at least five minutes (Fig. 1). 

Technique (Fig. 2). Anzsthesia is induced with a barbiturate combined with a muscle relaxant an 
supplemented by nitrous oxide and oxygen. Ventilation must at all times be well maintained in order t » 
prevent any fall in the pH level, and an adequate respiratory exchange without any drawback to the surgeon 
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Fic. 1.—Electroencephalographic studies during circulatory occlusion under normothermic con- 
ditions. (A) Occlusion of the vene cave. (B) At 20sec. the waves have practically disappeared. 
(C) At two minutes after recirculation increased cerebral activity. (D) At five minutes the 
wave formation is near normal. 


obtained by hand pressure of the bag at a rate somewhat higher than that of normal respiration (Rees, 
1958). 

Earlier a transverse submammary incision across the front of the chest with division of the sternum was 
used. The chest was entered through the second interspace on the right and the third interspace on the left 
with an oblique division of the sternum between these two spaces. This incision is somewhat higher than 
that usually described for full exposure of the heart, but it is necessary in order to get a good exposure of the 
pulmonary valve from above and to manipulate with comfort the instruments cutting the valve and punching 
out the infundibulum. Furthermore, in ventricles with very high pressure and in adults with an infundi- 
bular diaphragm and a large subvalvar chamber, the pulmonary artery may run directly backwards, 
so that every possible bit of room superiorly is needed to obtain a good exposure of the valve. 

More recently, however, a median sternotomy has been employed. This has given an adequate exposure 
of the pulmonary artery and from the post-operative point of view has given rise to less discomfort and, 
resulted in fewer respiratory difficulties and complications. The substernal tissues are freed and the sternal 
ends retracted with a rib-spreader. The thymus gland is turned upwards as far as the innominate vein and 
can be stitched out of the way by passing a suture through it. The pericardium is opened vertically and 
sutured to the edge of the wound to keep the lungs out of the field of operation. 

The pulmonary artery is examined and the character of the jet and thrill is studied. A harsh thrill in 
the neighbourhood of the valve ring and a forceful jet combined with a post-stenotic dilatation is character- 
istic of a valvar stenosis; a more subdued thrill, arising apparently below the valve ring, with a more diffuse 
jet and less enlargement of the pulmonary artery suggests an infundibular stenosis. The two conditions 
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Fic. 2.—Operation of transarterial pulmonary valvotomy. (a) Line of incision in pulmonary artery. (b) The 
stenosed valve is exposed. (c) The valve is cut into a bicuspid structure. (d) A digital check is made to ensuire 
that there is no residual organic stenosis in the outflow tract. (e) The incision in the artery is clamped and 
sutured. (f) Final appearance. 


may be present at the same time. Occasionally the ostium in the pulmonary valve is obliquely situated and 
the jet strikes one side of the pulmonary artery producing a unilateral bulge in this position. Palpation of 
the outflow tract of the right ventricle is again informative. A high pressure contractile ventricular wall up 
to the valve ring is in favour of a valvar stenosis. A thick ventricular wall below the valve ring with lit‘le 
pulsation suggests a tubular infundibular stenosis, and the presence of a low pressure infundibular chamber 
is confirmation of a diaphragm-like stenosis below it. 

A check of the pressure gradients across the stenotic area is made by inserting a Mason’s malleable me‘al 
catheter into the right ventricle just below the site where the stenosis is judged to be, a fine silk purse-stri 1g 
having been sutured into the ventricle to control any bleeding from it. The catheter is passed upwards ii to 
the pulmonary artery and it is then directed downwards well into the ventricle so that no secondary stenc ;is 
is missed. Pressure tracings are taken during insertion and withdrawal and these can be compared w th 
the tracings made at the preliminary cardiac catheterization. This metal catheter is particularly useful in 
judging the nature of the obstruction and the size of the ostium, as it is rigid enough to transmit tac le 
sensations to the fingers. 

The superior and inferior vene cave are exposed intra-pericardially and rubber catheters passed rov id 
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‘hem. Pieces of rubber tubing are passed over the two ends of each of the catheters and are clamped after 
drawing the catheter through them when obliteration of the vessels is required. If a left-sided superior 


ena cava is present, control of this vessel will also be required. A trial compression of the cave for about 
ne minute is now performed and the outflow from the right ventricle into the pulmonary artery is studied. 
n the absence of a left-to-right shunt, the pressure in the pulmonary artery falls in 10-15 seconds to near 
sro and the coarse thrill disappears. The right ventricle collapses. With an associated atrial or ventricular 
sptal defect, the pulmonary artery pressure only falls slowly, and in the presence of such a shunt more 
lood may be lost at the time of relief of the stenosis. The caval inflow is now re-established by releasing 
1e tourniquets. 

Stay sutures of 000 silk are inserted into the pulmonary artery for a distance of 3 cm. upwards from the 
alve ring, and a lateral clamp applied to the artery pinching up the portion of the vessel wall controlled by 
ie stay sutures. It may well be advisable to try three or four different clamps for it is important that this 
lamp fits comfortably and can be re-applied without difficulty. We have found Pott’s spoon-shaped 
lamp to give the best control in most cases. Care must be taken, when this clamp is applied or at subsequent 
pplication, that the coronary artery which is running laterally just below the valve ring is not compressed 
r included. The portion of the pulmonary artery within the clamp is incised for some 2-5-3 cm., and a 
ay suture put through each edge of the artery so that the lumen will be held open after release of the 
amp. 

This completes the preparation for exposure of the valve and the anesthetist hyperventilates the lungs 
) ensure maximal tissue oxidation. The caval tourniquets are tightened and the right and left and pul- 
1onary circulation allowed to empty for 30 seconds. The main pulmonary artery distal to the lateral 

clamp is occluded with a Crafoord clamp. The lateral clamp on the pulmonary artery is then removed and 
‘ae sucker inserted to the valve to keep it clear of blood. Very little blood should be lost and a completely 
clear view of the valve should be obtained. The valve is picked up with a tissue forceps and two opposite 
cats made with scissors down from the meatus to the valve ring. Dividing the diaphragm into a bicuspid 
valve appears to give greater freedom from regurgitation than if a tricuspid opening is made, as frequently 
the valve is so stretched and elongated by the ventricular hypertension that there is danger of one of the 
artificially produced segments turning inside out, as they have not the formed structure of normal cusps. 
Severe pulmonary regurgitation, while not productive of any immediate symptoms, is likely to be associated 
with progressive right ventricular enlargement in the future. Provided the division in the valve is made 
to the periphery the functional opening appears to be entirely satisfactory. In infants the valve is surprisingly 
tough and may cut like ligamentous tissue. 

The forefinger is passed through the divided valve to check that the division has been as complete as 
possible. The finger is advanced into the ventricle to examine the outflow tract and to exclude the presence 
of an additional infundibular stenosis. If this is present then the thickened wall or diaphragm will require 
removal with a punch. A true infundibular stenosis is felt as a fibrotic thickening with some obstruction 
to the finger. When, however, the finger is intermittently gripped by the hypertrophied muscle, and the 
lateral angiogram has demonstrated a good opening of the area in late diastole, no further removal of tissue 
appears to be indicated. A maximum of three minutes is allowed for the whole procedure. This is quite 
adequate to deal with a diaphragmatic valve but not always with an infundibular stenosis completely. 
The stay sutures are elevated and the lateral clamp is re-applied on the pulmonary artery; the distal 
transverse clamp on the pulmonary artery is loosened ; and the tourniquet on the superior vena cava is released 
first, when the heart will start to beat strongly, often with some tachycardia. The inferior vena caval 
tourniquet is only released gradually, as there is a tendency to dilate the right ventricle if all the blood dammed 
up on the venous side is allowed to rush into the heart. Pulmonary hyperventilation is maintained for two 
or three minutes and the tachycardia rapidly settles down. The pulmonary artery incision can then be 
sutured with a continuous 000 silk and the stay sutures tied across to support the incision; but if a further 
procedure is necessary on the stenosis, the circulation should be allowed to continue for five minutes. At 
the end of this time, the inflow can be re-arrested, the clamp removed from the incision in the pulmonary 
artery and the operation carried a further stage. The whole procedure can be repeated if necessary, and when 
the outflow tract of the right ventricle is free of obstruction to finger palpation the artery is finally sutured. 
In the diaphragmatic type of infundibular stenosis, it may be more convenient to insert the punch forceps 
through a purse-string controlled incision in the infundibular chamber and guide the forceps with the 
finger passed through the incision in the pulmonary artery. 

Pressure readings are taken from the ventricle as before. The flow into the pulmonary artery is now a 
diffuse surge, the pressure in the artery is raised, and the right ventricular pressure has fallen. A soft systolic 
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thrill usually persists. As discussed subsequently complete elimination of the gradient across the stenos' 
may not be obtainable at this stage, but if the opening is satisfactory to sight and by palpation, then the lon; 
term result should be good. 

The small hole in the ventricle that was used for the pressure readings may require a suture, but it 
preferable, if possible, to remove the suture and keep a pad on it for a few minutes to permit spontaneoi 
closure. The pericardium is partially closed. Drainage of both sides of the chest is undertaken when 
bilateral thoracotomy is used, but with a median sternotomy usually the right side only is drained aft: 
the right mediastinal pleura has been opened widely: if the left mediastinal pleura has been accidental 
opened to any degree a left-sided drain also is inserted. The patient should not be returned to the ward befoi 
consciousness is fully restored. 


POST-OPERATIVE COURSE 


An oxygen tent is imperative for these patients as they frequently show cyanosis in the first 24 hours aft: : 
operation. The cause of this is not clear but the cyanosis appears to be peripheral in type. It is not u:- 
common for signs of hypovolemia to be noted with a fall in blood pressure and tachycardia some 3-6 hou:s 
after the operation. The explanation for this may well be that, although a complete replacement of the 
known blood loss has been made, the opening up of the pulmonary vascular bed, following the more direct 
communication with the right ventricle, results in a relative general circulatory oligemia. The condition 
certainly responds dramatically to a further blood transfusion. It has now become our custom to continue 
the transfusion in the post-operative stage and to give more than the total collected in the drainage bottles. 
The administration of an additional 10 per cent of the calculated blood volume of the patient should com- 
pensate for the original pulmonary oligemia. 

The drainage tubes are removed in 24-48 hours, and in association with this there is one important 
complication common to all bilateral chest operations. If any air leak into the chest occurs at the time of 
tube removal, or if the tube incision is not effectively sealed afterwards, bilateral pneumothorax will occur. 
This is difficult to diagnose clinically if only moderate in amount, as the breath sounds appear equal on 
both sides and there is no tracheal or cardiac displacement. The patient may develop dyspnoea, some 
cyanosis, and tachycardia, for no apparent reason until a chest X-ray reveals the cause. If these symptoms 
develop, even in the middle of the night, it is important that a chest X-ray be considered. 

The relation of coccal infection to these operations is of significance. After a valvotomy, and in particu- 
lar an infundibulectomy, a considerable area of the internal heart wall is left uncovered by endothelium 
for some days or even weeks, and is thus particularly susceptible to develop vegetations if any form 
of bacteremia is present. It is advisable to delay operation if there has been any recent throat or skin infec- 
tion, and any form of obvious sepsis should be completely cured. The healing of the transverse chest 
incision in the midline of the sternum may sometimes give trouble. If wound separation occurs in this 
area it may expose the sutures that have been inserted through the bone and a secondary infected 
discharging sinus will develop. The sinus will not heal until the sutures are removed and this entails drag- 
ging the suture material through the marrow cavity of the sternum. In view of the free communication 
of this cavity with the circulation, any organisms on the suture can be responsible for a bacteremia and 
possible endocarditis. Such a train of events occurred in one case in this series following the removal of a 
transternal suture some weeks after an infundibulectomy. A staphylococcal septicemia followed and 
responded only intermittently to antibiotics : death occurred three months later, and autopsy showed the 
infundibular region to be covered with vegetations. We have since abandoned the use of any trans-stern.l 
suturing, and the median sternotomy now employed can be well controlled by peristernal sutures of chrom‘c 
catgut. 


RESULTS 


Operation has been performed on 92 patients with obstruction to the outflow tract of the rig’ t 
ventricle: 77 had a pulmonary valvotomy, 16 by the transventricular route and 61 by the ops 
transarterial route, and in five of these an infundibulectomy was considered necessary and carri 
out at the same time. The other 15 had resection of an infundibular stenosis either by the tran - 
ventricular route or through a subvalvular chamber. Two patients had an atrial septal defect clos: 
at the same operation, and one had a ligation of a patent ductus arteriosus. The age groups a ° 
shown in Table I. 
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PULMONARY VALVOTOMY AND INFUNDIBULECTOM Y 


TABLE I 
AGE INCIDENCE OF PATIENTS 


























With intact ventricular septum With ventricular septal defect 
(Fallot type) 
Number 59 (28 male, 31 female) 33 (20 male, 13 female) 
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TVV—Transventricular Valvotomy. (+) Death. 


OTAV—Open Transarterial Valvotomy. 
Inf.—Infundibulectomy through the opened valve. 
TV or TC Inf.—Transventricular or Transchamber Infundibulectomy. 


Nine patients died either during the operation or soon after. Three of these were infants under 
the age of four months (two urgent infundibulectomies for Fallot’s tetralogy and one urgent trans- 
arierial valvotomy for pure valvar stenosis). Seven of the nine died with cardiac failure within 48 
hours of the operation, no other cause being apparent at autopsy. One patient, a girl of twenty 
with an associated ventricular septal defect, developed progressive dyspnoea and tachycardia, 
apparently from the production of two large a left-to-right shunt, perhaps with some rise of pul- 
monary arterial pressure, and died twelve days later. The ninth died of Staphylococcal septicemia 
three months later, the apparent cause being the removal of unabsorbable transternal sutures in 
the base of a suppurating wound. 

Sixty-one patients had an open transarterial valyvotomy without hypothermia with three deaths, 
two with cardiac failure (one on the table and one within 48 hours) and one with the situation just 
described. In no patient in the whole series was there any suggestion of cerebral damage. 

It is difficult to assess the clinical results of these operations. Many of the children had minimal 
symptoms before, even though the right ventricular pressure in some was 150-200 mm. Hg, but their 
parents noted increased exercise tolerance after. In children with valvar stenosis with intact septum 
in whom the valve has been opened under direct vision, the child might be expected to be 
able to live a full and active life. In cases of Fallot’s tetralogy the subsequent result was variable 
depending essentially upon the relative size of the pulmonary artery and aorta, and while some 
patients are now very satisfactory, others are still somewhat cyanosed with limited activities. In 
adults, some improvement in the dyspneea is quite clear, but restoration to full normal activity, 
including strenuous exercise, is slower. 

The results after “infundibulectomy” were less satisfactory than those after valvotomy and 
there is little doubt that a cardio-pulmonary by-pass is required to give the time for a really adequate 
relief of the obstruction to the outflow tract of the right ventricle. 

It is too soon to say how far the electrocardiograms of the patients with an intact septum who 
have had an open pulmonary valvotomy will improve, for the time taken for the regression of the 
right ventricular muscle hypertrophy is unknown. The electrocardiograms of 20 cases of 
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uncomplicated pulmonary valvular stenosis submitted to open transarterial valvotomy in th 
series and followed up for a period of one to four years have been examined by Professor Jo! 
Hay and Dr. Olive Scott: 17 of the 20 showed evidence of R.V. hypertrophy in the pre-operati 
records and after valvotomy. (a) Nine developed an rsr’ or rsR’ pattern in V3R and VI, (b) o 
showed splintering of the upstroke of the R wave, (c) three showed a decrease in the height of t : 
R wave alone, and (d) four showed no change in the height of the R wave. Three of these patie: ; 
have not been re-catheterized, and one has a RV pressure of 60 mm. Hg at re-catheterizati 
at six months. Six of the 17 had evidence of R.V. strain (S-T depression with deep inversion | 
T wavein V3R and V1) as well as hypertrophy and this strain pattern disappeared in five of the: . 

Of the remaining three, one had an rsr’ pattern before valvotomy and afterwards . 1 
rS complex in V3R and V1, one had an rsr’ pattern before valvotomy and this persisted after 
and one had a normal record before operation (R.V. pressure 96/0, P.A. pressure 13/7) aid 
this has remained normal. 

A systolic bruit is still audible over the pulmonary valve in all patients, but is soft and very differe t 
from the previous harsh murmur. 

In a few patients a short pulmonary diastolic bruit is now audible indicating a degree of pu'- 
monary regurgitation. The pulmonary component of the second heart sound has usually beconie 
louder. Radiologically the pulmonary vascular shadows become fuller, but the shadow due to the 
post-stenotic dilatation of the pulmonary artery alters little, at any rate for the few years that we have 
followed these patients. 


DISCUSSION 


The ultimate object of the operation in the presence of the intact septum is to abolish the pressure 
gradient between the right ventricle and the pulmonary trunk, thus indicating that the 
right ventricular obstruction has been relieved. If little or no regurgitation at the valve has 
been produced then the future prognosis should be good. Many patients in whom an apparently 
complete opening of the pulmonary valve and outflow tract has been obtained under visual and 
tactile control have still retained a gradient between the ventricle and artery of some 50-80 mm. Hg 
at the end of the operation. This, on the face of it, appears disconcerting and would suggest that 
further removal of some of the wall of the infundibulum should have been undertaken. No fibrotic 
obstruction was palpable in such cases but the finger was heavily gripped by the hypertrophied 
infundibulum during the late phase of systole, and this was particularly noticeable when the right 
ventricular pressure was very high. A study of the position where the pressure gradient changes 
shows that before valvotomy it is at the level of the valve and after valvotomy it is lower down at 
the commencement of the outflow tract of the ventricle. 

The mechanism of this phenomenon appears to be that in the presence of a valvar stenosis, 
although the infundibulum has taken part in the general muscle hypertrophy in the right ventricle, 
it can still be momentarily dilated by the high systolic pressure in the ventricle as it contracts to 
force blood through the stenosed orifice. The ventricular wave of contraction starts in the septun 
and works its way around the apex up to the base of the heart, and thus while the apex of tle 
ventricle is contracting the outflow tract is relaxed and is kept open by the build up of pressue 
behind the valvar diaphragm. After relief of the valvar stenosis the blood can get away into t/ e 
low resistance pulmonary circulation so quickly that no such build-up is possible and the hype 
trophied infundibulum becomes itself a muscular obstruction. Following relief of the mechanic 
obstruction by valvotomy, the possibility of a slow but progressive diminution in this functior 
obstruction associated with the regression of the ventricular muscle hypertrophy should be envisage 
That this in fact takes place in some cases has been suggested by the electrocardiographic chang 
occurring in the months subsequent to the valvotomy. Re-catheterization studies in patie1 
presenting this phenomenon confirms these observations. This has been shown by Johns 
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PULMONARY VALVOTOMY AND INFUNDIBULECTOM Y 


TABLE II 
PRESSURES BEFORE AND AFTER OPERATION 














Age Pre-operative Post-operative | Re-catheterization 
(years) , Time 
RV aA | ev | m | CUCU 

M.R. 15 120/0 | 8/3 50/0 | 22/16 | 40/0 | 22/8 1 yr. 
C.N. 9 108/0 13/5 Raised but damped 24/2 | 16/3 1 yr. 
a1. 11 180/0 14/12 50/10 | 30/20 | 35/0 24/0 1 yr. 
E.J. 6 240/0 15/9 110/0 | 30/15 | 60/0 | ? 6 mo. 
LC. 15 186/0 | 17/6 90/0 | 24/6 | 45/0 26/5 5 mo. 
S.B. 12 250/0 6/3 | 100/0 20/? 24/0 17/8 9 mo. 





( 959) and Campbell (1959) also. If the lateral selective angiocardiogram shows that a full opening 
«the outflow tract occurs in diastole and early systole and no organic obstruction is palpable 
( 1 passing the finger into the infundibulum, then even when some ventricular-arterial gradient 
i still present after valvotomy, no further procedure on the infundibulum is indicated. 

By using the technique described no evidence of cerebral damage has been noted and, except 
f r those that died during the operation, all patients have been fully awake and responsive when 
i was finished. It has not yet been established for how long circulatory occlusion can be 
t:lerated by the brain at normal temperatures without evidence of damage. An important 
f. ctor in preventing damage would appear to be an instantaneous re-establishment of a good cerebral 
c.rculation after the occlusion has ended. This occurs when the operation is done at normal 
temperatures. 

Now that the successful reconstruction of the normal anatomy in cases of Fallot’s tetralogy can 
be accomplished with reasonable safety (Kirklin et a/., 1959) with the use of a cardio-pulmonary 
by-pass, pulmonary valvotomy or infundibulectomy as a separate entity will certainly be practised 
less for such patients. As an emergency procedure in infants and young children, a Blalock’s 
systemic-pulmonary anastomosis would appear to be adequate in most cases to carry them over 
to the age when a bypass can safely be used. Furthermore, the undertaking of a valvotomy or 
infundibulectomy in infancy is likely to make the subsequent full repair technically more difficult 
as a result of adhesions around the great vessels and within the pericardium. 


SUMMARY 


Observations are made on 92 cases of pulmonary valvotomy or infundibulectomy. The results 
with transventricular “blind’’ valvotomy in 16 cases were not considered satisfactory. The results 
of infundibulectomy were not fully satisfactory by transventricular or transarterial routes and such 
cases are better operated upon with the use of a cardiopulmonary bypass. 

Transarterial open pulmonary valvotomy was performed on 61 patients at normal temperatures 
with three deaths, and a description of the technique is given. 

If the gradient between the right ventricle and the pulmonary artery is not obliterated at the end 
of the operation, no further treatment for the infundibular obstruction is needed, provided 
the pre-operative lateral angiocardiogram demonstrated a fully opened outflow tract of the right 
ventricle and no fibrotic stricture is palpable. The gradient will fall during the succeeding months 
with the decrease in the infundibular muscular hypertrophy. 


I am very grateful to Mr. John Bickford for permitting me to include the many patients on whom he has operated 
in this series. Most of the patients have been investigated and presented for surgery by Professor John Hay, Dr. 
Gordon Farquhar, Dr. Olive Scott, and Dr. W. S. Sutton. To them and to many other physicians and members of 
the team I am deeply indebted. To the skill in anesthesia of Dr. G. Jackson Rees, Dr. Alan Stead, Dr. Noel Fenton 
and Professor T. Cecil Gray I pay tribute. 

The standard of nursing of the staffs of the Royal Liverpool Children’s Hospital and Broadgreen Hospital and, 
in particular, the devotion of Sister Culshaw to the care of the infants and children demands the highest praise. 
2K 
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Despite the general belief that the cardiac output is high in heart failure due to thiamine defi- 
ency, the evidence for this is chiefly clinical and the number of measurements reported is remarkably 
‘w. Using the ethyl iodide method of Henderson and Haggard (1925), Hayasaka and Inawashiro 
928) found that the cardiac output averaged 5-9 litres per square metre per minute at the “‘acme”’ 
id 4-5 litres on recovery. This confirmed the earlier work of Odaira (1925). Hayasaka and 
iawashiro also reported that during treadmill exercise, sufficient to treble the oxygen consumption 
1e cardiac output appeared to rise more in patients with beri-beri than it did in normal subjects 
nd in the patients themselves on recovery. At rest the oxygen unsaturation of antecubital venous 

blood averaged 5-59 volumes per cent at the “‘acme” and 8-51 volumes per cent on recovery. 
uring treadmill exercise the antecubital arteriovenous oxygen difference did not alter in the 
acme,” but increased to 13-0 volumes per cent on recovery. Weiss and Wilkins (1937) also found 
a narrowed femoral arteriovenous oxygen difference at rest in thirteen alcoholic cases. They 
showed that the decholin circulation time was accelerated, and from the clinical evidence of Wencke- 
bach (1934) inferred that rice beri-beri and alcoholic beri-beri were functionally identical and 
characterized by generalized arteriolar dilatation. Porter and Downs (1942) used Grollman’s 
acetylene method (1932) in two alcoholic patients given thiamine two and four days previously 
and the respective cardiac outputs were 4-71 and 9-80 I/min. 

Burwell and Dexter (1947) were the first to determine the cardiac output at catheterization by 
collection of mixed venous blood and the use of the direct Fick principle. Their patients had a 
cardiac output of 11-7 litres per minute and manometric evidence of failure of both ventricles: the 
overall peripheral resistance was low. The findings a month later were normal. Later Lahey 
et al. (1953) reported one case and Iseri et a/. (1954) three cases in which cardiac catheterization had 
been done. Lahey’s patient had an output of 16-1 litres with normal filling pressures, while Iseri’s 
three patients had outputs of 14-4, 8-3 and 11-4 litres per min. respectively, high venous pressures, 
and low peripheral resistances: some also had high pulmonary vascular pressures. 

The total number of accurate measurements of cardiac output, therefore, amounts to five or 
possibly seven, if we include the two cases of Porter and Downs. Clearly the cardiac output in 
these cases was quite variable. In 1951 we realized that alcoholic beri-beri was not a rare disease 
in the principal cities of Australia. We have taken advantage of this situation to study the clinical 
features and the hemodynamics in 19 cases with cardiovascular manifestations. The clinical 
features are being reported elsewhere; this paper concerns itself with the hemodynamics and 
pathogenesis of the disease. All the patients were severe alcoholics; indeed, in this country cardio- 
vascular beri-beri does not occur with alcoholic intakes below 1500 calories a day kept up for at 
least three months. Many of the present patients drank much more, but none of them had 
cirrhosis of the liver. Strangely enough it is not the rule to find cirrhosis in patients with classical 
cardiovascular beri-beri. The average age of the patients was 37 years, range 24 to 54. 

This paper is concerned with classical high output beri-beri described so eloquently by Wencke- 
bach (1934) and his pupil Aalsmeer (Aalsmeer and Wenckebach, 1929). This disease responds 
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completely to thiamine, but merges almost imperceptibly into another disease, called alcoholic 
cardiomyopathy by Brigden (1957), which does not respond to thiamine. There the cardiac outpu 
is invariably low, due to irrecoverable muscle damage. Although we believe this low outpu 
syndrome to be, in fact, chronic beri-beri, failure to distinguish it from the classical syndrome ha 
caused much confusion in the past twenty years. 

The criteria we rely on for the diagnosis of classical beri-beri are as follows: (1) an adequat 
history of dietary deficiency, (2) complete recovery with thiamine, (3) co-existent neuritic beri-be: 
and (4) characteristic clinical features. The first two criteria are almost essential. 


METHODS 


Patients were studied in the basal state after an 18-hour fast. The catheterization procedu: 
and the analytical methods have been described elsewhere (Blacket et a/., 1953). After duplicat 
determinations of cardiac output at rest, recumbent leg exercise was carried out in 6 patients an: 
measurements were made during the second and third minutes. 

Renal clearances of inulin and diodone were determined in five patients, either at a separat 
sitting or immediately after the cardiac catheterization. The procedure conformed to that describe« 
by Goldring and Chasis (1944) with the following modifications. With low rates of clearance the 
loading doses of inulin and diodone were reduced and the sustaining dose was given more slowly 
Owing to the poor water diuresis in these patients three collection periods each of 20 minutes were 
used and the results averaged. Inulin was estimated by the method of Little (1949) and diodone 
by the method of Alpert (1941), acid cadmium sulphate being used for protein precipitation. 

Forearm blood flow was measured by plethysmography in five patients (Barcroft and Swan, 
1953); at least six inflow curves were obtained and the mean rate of flow computed. Plasma 
volume was determined with Evans Blue (Courtice and Gunton, 1949): plasma concentrations of 
the dye were determined at 10 and 15 minutes and extrapolated back to zero time. Blood pyruvate 
was determined by procedure B of Friedemann and Haugen (1943). 

Heat elimination from the hand was measured with a modified Stewart calorimeter (Greenfield 
and Scarborough, 1949). A preliminary period of 20 to 30 minutes was allowed before readings 
were taken on a calibrated Beckmann thermometer set to read in the range 27° to 32° Centigrade. 
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at rest before treatment (@) and after recovery (0). and after treatment. 
Isopleths of oxygen uptake are also shown. 
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RESULTS 


The results of cardiac catheterization at rest appear in Table I. The cardiac output varic i 
between 7-2 and 26:5 litres a minute, the cardiac index between 4-2 and 15-5 litres (mean 7-'2 
litres/min.). The arteriovenous oxygen difference was low (mean 2-65, range 1-0-4-0 vols. per cen). 
Arterial oxygen unsaturation below 93 per cent occurred in Cases 2, 6, 7, 10, 11, 14, 15,and16. Tie 
lowest saturation was 87 per cent in Case 2, who had the highest cardiac output in the series associat: 4 
with a high pulmonary wedge pressure. There was, however, no correlation between flow over t! e 
whole range and arterial unsaturation. Most of those with cardiac indices above 8-0 litres a mi. 
did show slight unsaturation. The reasons for this have not been determined. 

The oxygen consumption tended to be high (mean 156 ml./m.?/min.) and to fall with recove y 
(mean 129 ml./m.2/min.). These relationships are shown graphically in Fig.1. The resting minu e 
volume of ventilation was 5-0 litres/m.2/min. and with recovery this fell to 4-1. As seen from Fig. 2 
those with the highest cardiac indices tended to have the highest ventilatory volumes and the.e 
fell with recovery. Those with cardiac indices below 7 litres a minute had lower ventilato:y 
volumes and showed no consistent change with recovery. 

The pulse rate averaged 95 before treatment and 84 on recovery. There was no correlation 
between cardiac index and pulse rate; as seen from Fig. 3 the highest cardiac index of 15-5 litres 
a minute was achieved (in a digitalized subject) at a heart rate of 88. A second patient (Case 15) 
had a cardiac index of 12-3 at a heart rate of 100. The stroke indices varied accordingly. The mean 
stroke index was 102 ml./stroke/m.? at the first catheterization and 40 at the second. 
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Fic. 3.—Cardiac index and heart rate before and Fic. 4.—Pulmonary capillary wedge pressure and 
after treatment. Isopleths indicate stroke index. cardiac index at rest. Poor correlation. 


20 24 
PULM. CAPILLARY PRESSURE MM Hg 


The pulmonary capillary wedge pressure varied from 6 to 22 mm. Hg, mean 16. On recove'y 
the mean was 5. The wedge pressure had little relation to flow (Fig. 4) and an elevated pressure w::s 
taken as evidence of left ventricular failure. 

The mean pulmonary artery pressure was also elevated, averaging 28 mm. Hg before treatme it 
and 14 on recovery. As seen in Fig. 5 the height of the pressure bore no relation to flow. Tie 
mean PA-PC gradient was 13-2 mm. Hg and on recovery it showed an insignificant fall (mean 9-° ). 
This was largely due to the large falls in Cases 9 and 14. The calculated pulmonary arteriol r 
resistance also showed no significant change with recovery. Weconclude that the modest pulmona y 
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1G. 5.—Mean pulmonary artery pressure (millimetres Fic. 6.—Mean right atrial pressure and cardiac index at 
of mercury) at rest before treatment and after recovery. rest before treatment. Poor correlation. 


hypertension seen in cardiovascular beri-beri is largely due to left ventricular insufficiency 
and only occasionally to increased flow. 

The right ventricular end diastolic pressure varied from 0 to 21 mm. Hg and with one exception 
always fell with recovery. The right atrial pressure behaved similarly and fell from a mean of 9 to a 
mean of 0-25 mm. Hg on recovery. Like the left atrial pressure, the right atrial pressure bore no 
relation to the cardiac output (Fig. 6). Good examples of this are Case 15, where the cardiac 
output was 20-0 litres a minute and the right atrial pressure 4 mm. Hg, and Case 2 with a cardiac 
output of 26-5 (duplicate 22-5) and a filling pressure of 20 mm. Hg. Even when “‘normal”’ initially 
(<5), the right atrial pressure usually rose precipitously with exercise, confirming diminished right 
ventricular competence in all but the mildest examples of the disease. 

The arterial pressure varied considerably with the severity and stage of the disease; a study 
such as this cannot be expected to portray these changes. However, the mean arterial pressure of 
the group averaged 102 mm. Hg at the first catheterization and 109 at the second. The figures for 
diastolic pressure were 82 and 90. These changes, although not great because of the inclusion 
of mild and treated cases, do reflect the tendency for the diastolic and mean arterial pressure to 
fall as the disease progresses. The mean systolic pressure did not change, being 147 in the first 
study and 148 in the second. This gives only a partial picture of the blood pressure changes, which 
have been described by Walters (1953) and will be discussed more fully elsewhere. 

The calculated peripheral resistance tended to be low and always rose with recovery. In some 
the change was not great, but in others the resistance rose four or five times. The mean before 
treatment was 760 and on recovery 1495 dynes sec. cm.-5. Fig. 7 demonstrates the close negative 
correlation between flow and peripheral resistance. 

Despite the hyperkinetic state, the work of the ventricles against resistance was the major factor 
in total ventricular work. For the right ventricle cardiac work rose as high as six times normal in 
severe cases; because of the fall in arterial pressure the rise for the left ventricle was less. The ratio 
of left to right ventricle work averaged 4-9 before treatment and 8-7 on recovery: it rose in every 
case (Fig. 8). This relative increase in right ventricular work is consistent with the dominance of 
the right side which was established pathologically and clinically by Wenckebach. 
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Log C.I.= -0:70 Log T.P.R.+ 2:79 
20+ 7 = -0°95 
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Fic. 7.—Cardiac index and total peripheral resistance plotted logarithmically. Good negative correlation. 
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The plasma volume was measured in 9 patients. In every patient with fluid retention it was high. 
As shown previously (Blacket, 1955), there was a remarkably close linear correlation between 
the fall in plasma volume and the loss of weight with recovery. 


THE RESPONSE TO EXERCISE 


The changes in ventilation, oxygen consumption, and various hemodynamic parameters appear 
in Table II. They are best discussed in relation to the severity of the disease. Cases 8 and 16 were 
mild and had been given thiamine before the first study. Case 8 responded with a normal rise i1 
cardiac output, an abnormal rise in right atrial and mean pulmonary artery pressure, and no 
change in stroke volume: ten days later a similar rise in cardiac output was achieved with n> 
change in right atrial pressure. Case 16 studied 6 days after treatment had normal findings 
at rest, but exercise, which should have doubled the cardiac output, led only to a small rise and, 7s 
further indication of failure, a precipitous rise in right atrial pressure: the ventilatory respon: > 
was also abnormal. Case 12 also was an example of mild beri-beri with peripheral neuritis and mi! 1 
pitting oedema: the cardiac output rose normally on exercise, but the rise in pulmonary arte! / 
pressure was probably abnormal, from 19 to 31 mm. Hg. 

Case 6 had a similar output at rest to Case 12, but both her pulmonary and right atrial pressur: ; 
were abnormally high. Her response to very mild exercise was poor and her output scarcely ro: > 
at all: the pulmonary artery pressure rose and the stroke volume fell. On recovery more vigorot } 
exercise produced a normal response. 
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TABLE Il 


DaTA AT REST AND DURING EXERCISE IN 6 PATIENTS WITH BERI-BERI OF VARYING SEVERITY 





} | | 
; : | Mean pressure 
Ventilation O2 con- A-VO> dif- | Cardiac out-| Stroke | Pulse (mm. Hg) 



































Subject | State litres sumption ference put—I./min | volume | rate 
| BTPS/min. ml. STP vols. % Pul. Rt. 
Art. auric. 
Untreated 
| Rest 8:7 265 1-0 26-5 301 88 30 20 
| Exercise 23°5 558 2:2 25°4 242 105 40 25 
Case 2 
Treated 
| Rest 5:3 213 4:5 4:7 59 80 20 0 
| Exercise 10-2 | 489 6:0 8:2 — = 0 
| Untreated 
Rest 58 231 3-0 17 82 97 27 6 
Exercise 14-6 376 46 8-1 70 MS | 3 — 
‘ase 6 | 
| Treated 
| Rest 6-8 219 ao os 79 68 of l 
| Exercise 14:6 456 5-6 8-1 81 100 9 0 
Treated 2 
days 
Rest 7:5 226 2:4 9-3 98 95 19 1 
| Exercise 13-1 432 ci 11-6 100 115 26 6 
‘ase 8 | 
| Treated 12 
days | 
| Rest 8-4 242 3°1 7:8 100 78 | 10 0 
| Exercise 13-3 443 4-4 10-7 111 96 | 15 0 
Untreated 
Rest 10:2 268 2:1 12-6 121 104 35 0 
Exercise 21:8 587 4:7 12-5 106 118 Ss | 
Case 9 | 
Treated | 
Rest | 6:1 203 4:3 4:7 52 90 15 0 
| Exercise | 8-6 520 5-9 8-8 80 110 25 4 
| Untreated 
Case 12 | Rest 7:7 288 40 7:2 76 95 19 —1 
| Exercise 15-4 543 5-6 10-0 88 113 31 — 
Treated 6 
days 
Case 16 | Rest 7:2 196 3-9 5-0 71 70 16 3 
Exercise 18-4 590 9-2 6-4 


| | | 6 | 100 | — 16 








Note that data have not been corrected for body surface 


Case 2 and Case 9 were examples of more severe beri-beri with resting outputs of 26-5 and 


12-6 litres a minute respectively. Neither of them showed any significant change in output 
during exercise. 
atrial and pulmonary artery pressures. In Case 2 the response to exercise 19 days later was normal, 
but Case 9 still showed marginal rises in pulmonary artery, right atrial, and pulmonary wedge 
pressures 17 days after the first catheterization. 


Both of them showed a fall in stroke volume, tachycardia, and a rise in right 


In addition to the six patients listed, exercise was also carried out at the second catheterization 


in Cases 11, 13, and 15 at the 24th, 21st, and 28th day after thiamine respectively: the findings 
were entirely normal. In view of the old idea that cardiac “‘irritability” with prolonged tachycardia 
after exercise frequently persists in convalescence, it should be emphasized that none of these 
patients showed this phenomenon. 
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Fic. 8.—Work of left ventricle against resistance Fic. 9.—Ventilation and oxygen consumption at rest 
(Wy) over work of right ventricle against resis- (©) and during exercise (@) in 6 patients with 
tance (Wry) plotted against cardiac index before cardiovascular beri-beri. In order to compare 
and after treatment. The work ratio rises with the response with the normal regression line (- - -) 
recovery. from Holland and Blacket (1958), the data have 


not been corrected for body surface area. Mod- 
erate hyperventilation occurs on exercise. 


The ventilatory response to exercise is shown in Fig. 9, where the slope for each patient can be 
compared with the normal regression line obtained in healthy young subjects in this laboratory 
(Holland and Blacket, 1958). Cases 8, 12, and 16 with mild beri-beri and the lowest pulmonary 
artery pressures responded normally, but at a slightly higher level, than the normal subjects. Cases 
2, 6, and 9 with higher pulmonary vascular pressures and more severe disease responded abnormally. 

In summary the circulatory and ventilatory response to exercise in cardiovascular beri-beri 
is similar to that found in the common forms of heart disease. Mild cases show a normal or reduced 
output response with an abnormal rise in pulmonary and right atrial pressures. With severe 
disease the cardiac output remains fixed, the stroke volume falls and the pressures go higher. 


THE MUSCLES 


The results so far confirm the work of earlier workers that there is an overall vasodilatation in 
beri-beri with a fall in total peripheral resistance. Although neither they nor subsequent workers 
measured muscle blood flow, Aalsmeer and Wenckebach thought that the peripheral arteriovenous 
shunt occurred in the muscles (Wenckebach, 1934). Aalsmeer had found that adrenaline raised the 
venous pressure and lowered the diastolic pressure, while Wenckebach showed that pitressin had 
opposite effects. Both these findings were compatible with the known actions of these drugs on the 
muscles. Weiss and Wilkins (1937) also found a low femoral arteriovenous oxygen difference. 

Forearm blood flow was measured by plethysmography in five patients. The results appear in 
Table III and Fig. 10. All of these subjects had florid beri-beri and the catheterization data fo: 
Cases 14 and 15 appear in Table I. Case 14 was studied one day after catheterization and afte: 
giving thiamine. Case 15 was also studied the day after catheterization, but no thiamine had beer 
given. Case 17 had acute pernicious beri-beri on admission with a hyperdynamic circulation anc 
severe metabolic acidosis: he also was studied 24 hours after thiamine. Case 18 was a moderat: 
example of the disease with raised venous pressure, pistol-shot sounds, and an easily appreciatec 
hyper-dynamic circulation. His output was probably in the 10-12 litres a minute range and he wa 
studied untreated. Case 19 was more severe and was on the verge of an acute pernicious terminatio1 
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TABLE Ill 


FOREARM BLOOD FLOw (F.B.F.) IN FIvE PATIENTS MEASURED BY VENOUS OCCLUSION PLETHYSMOGRAPHY 





















































| | F.B.F. Pulse 
Subject | Conditions | ml./100 ml./ rate Blood pressure 
| | min. 
| 
Case 14 | Room Temp. (R.T.)= | 
: a 6:7 | 75 110/60 
11/3/54 | 24 hours after thiamine | 
15/3/54 | R.T.=24° 2:4 43 | 145/85 
Case 15 | Untreated | 
5/8/54 | R.T.=19° 8-0 100 135/80 
8-3 
| R.T.=24° 79 105 | 135/80 
9/8/54 | R.T.=16° | 6-5 85 150/80 
| R.T.=27° 8-5 90 150/75 
Footbath 40°. Sweating | | 
11/8/54 | R.T.=25° | | | 
Control | 6°5 83 | 150/95 
L. noradrenaline 19 yg./ | 
min. intravenous | 49 | 719 190/112 
| Recovery | 5-9 85 150/95 
18/8/54 | 10 mg. thiamine daily | | 
| since 11/8/54 | | | 
| R.T.=25° 2°5 | 80 160/100 
Case 17 1 day after thiamine | 
15/2/55 R.T.=28° | 8-7 | 94 | 140/70 
17/2/55 R.T.=28° | 4-6 | 75 | 170/80 
23/2/55 | R.T.=25° | 1:8 . = | 150/90 
Case 18 | Untreated | | 
23/3/55 | R.T. =25 | 8:7 100 143/81 
30/3/55 | R.T.=27-4 | 41 | 7 | 110/86 
Case 19 | Treated 1 day | | | 
4/7/57 | R.T.=24 | 11-3 | 82 | 125/75 
22/7/57 | R.T.=24 3-0 | 88 | 145/91 
u | 





to the disease, when admitted one afternoon. During the night his systolic pressure fell to 80 and 
he was given thiamine and studied the next morning. In computing the flow per 100 ml. of 
forearm, we have used the ‘“‘dry’’ volume of the limb rather than the “‘wet’’ volume, when 
cedema was present. The same segment of limb was used on each occasion. 

The results show that forearm flow is high in beri-beri, and falls with recovery. Forearm flow 
correlated roughly with the clinical severity of the disease. Thus Cases 17 and 19 with acute 
pernicious beri-beri, studied after thiamine, showed flows between 3 and 5 times the “‘recovery”’ 
value. Cases 14 and 15, who were less severe, had flows roughly three times the control values 
and Case 18, who was clinically the least severe of the five, had the lowest relative increase at the 
height of his disease. Return to normal occurred in three or four days in Cases 14 and 17 after 
thiamine was given. As controls for these observations measurements were made on three 
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patients with low output failure due to rheumatic heart disease. The flows were 1-9, 1-3, anc 
1-2 ml. per 100 ml. respectively. 

Forearm flow reflects only partially muscle flow, since bone flow and skin flow also contribute to th 
total. As shown below, the blood flow to the hand is reduced in beri-beri with heart failure, bi 
we have no data on flow to the skin or to the bone of the forearm. In Case 15 it was of interest t 
find that reflex vasodilatation, which raised hand flow from 0-9 to 3-0 ml./100 ml./minute, raise:. 
forearm flow by a similar amount, while noradrenaline lowered forearm flow but not to norma 
Clinically the skin of the forearm is much warmer than that of the hands, but the meagre resul! 
we have do not allow of any partitioning of the increase in forearm flow between muscle and ski . 
We suspect that true muscle flow is probably raised by rather more than the results of forear: 
plethysmography suggest. 
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Fic. 10.—Forearm blood flow before treat- Fic. 11.—Heat elimination from the hand under 
ment and after recovery in five patients. nearly standard conditions before treatment and 
The normal range is enclosed in the after recovery in four patients. Normal range 
rectangle. The forearm flow is high enclosed. The heat elimination (and hand flow) 
in the untreated disease. are low in untreated beri-beri. 


HAND FLOW AND SKIN TEMPERATURE 


Weiss and Wilkins (1937) wrote that the “‘skin was often flushed and warm’ and Wenckebac 1 
(1934) noted capillary pulsation in the finger tips in some cases. Table IV and Fig. 11 shovy 
the heat elimination in four patients as measured in the calorimeter. These cases represent bot 1 
moderate and severe, but not moribund, examples of the disease. In all four patients the he: t 
elimination under standard conditions before treatment was low and under similar conditioy s 
became much higher with recovery. The low heat elimination (and by inference, hand flow) 11 
Cases 18 and 19 contrasts strikingly with the high forearm flows described above. 
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TABLE IV 
THE HEAT ELIMINATION (H.E.) FROM THE HAND IN FouR PATIENTS WITH BERI-BERI 


























Subject Condition | Room | Pulse Blood H.E. H.E cal./100 
| temp pressure cal./min. ml./min. 
; Case 4 | 
Untreated At room temp. , 23:3 82 148/85 19-6 4:5 
25/10/51 Reflex vasodilatation, 
sweating .. a 23-4 85 145/80 179-5 41-3 
Case 7 
Untreated At room temp. ; 22:0 102 135/80 27:0 7:9 
6/5/52 Reflex vasodilatation, 
sweating, light- 
headed... - 22:0 106 135/78 | 266°9 78-2 
Treated 9 days At room temp. 23°4 81 114/76 55:9 19-0 
15/5/52 Reflex vasodilatation, 
sweating .. ne 23-4 94 112/72 259-8 88-4 
~ Case 18 
Untreated At room temp. is 26°4 100 | 143/81 42:2 11-4 
23/3/55 Reflex vasodilatation, 
sweating . i 33-8 109 139/73 239°1 64-6 
Treated 3 days At room temp. : 27°4 116 110/86 146:1 39-5 
30/3/55 Reflex vasodilatation, 
sweating .. ae 3 128 | 101/76 208-3 56:3 
Case 19 | | 
Treated 1 day At room temp. . | —- | 82 126/75 20-9 6:4 
4/7/57 
Treated 18 days | At room temp. iB 24-0 88 | 145/91 168-2 46:7 








ases 4 and 7 were examples of moderate disease with relatively low cardiac outputs and considerable heart failure. 
‘ases 18 and 19 had more florid beri-beri with cardiac outputs in the 12-15 litres a minute range. Reflex vaso- 
dilatation was achieved by immersion of the feet in water at 44° C. 


aA 


In Case 15 the hand flow measured by plethysmography on 5/8/54, when the forearm flow was 
measured, was 2-8/ml./100 ml./min. From the data of Cooper et a/. (1949) the hand flow was low 
and of the same order as in the cases studied by calorimetry. The nail beds were cyanosed. Again 
there was a marked contrast with the high forearm flow (Table III) and a striking difference in the 
temperature of the forearms and hands. 

The response to reflex vasodilatation (Lewis and Pickering, 1931) was greatly delayed but 
ultimately satisfactory in Cases 4 and 7. In Case 18 the rise in heat elimination on both occasions 
was extremely slow. The environmental temperature was therefore raised and some vasodilatation 
occurred. However, the hand not in the calorimeter remained cold, when all the observers were 
sweating profusely. Similarly in Case 15, studied by plethysmography, we were unable to abolish 
the cyanosis of the nail beds by reflex vasodilatation, before the patient himself terminated the 
experiment. 

The results leave little doubt that the hand does not share in the vasodilatation demonstrated in 
the muscles. The circulation in the hand behaves as it does in low output failure (Burch, 1954). 
In normal subjects reflex heating abolishes sympathetic tone. The extraordinary resistance of 
vasoconstriction to prolonged body heating in two of our cases with high outputs raises the question 
of non-nervous factors. The effect of nerve block has not been tried. 


RENAL HAMODYNAMICS 


Glomerular filtration rate (inulin clearance) and renal plasma flow (diodone clearance) in five 
patients are shown in Table V and Fig. 12. Renal vasoconstriction of similar order was present 











494 BLACKET AND PALMER 


in every case. The cardiac outputs varied from 7-4 to 20-0 litres a minute in these same untreat d 
cases and clearly there was no correlation between the cardiac output and renal flow patter: 
Nor was there any correlation with right atrial pressure or mean arterial pressure. The filtrati n 
fraction was high, averaging 0-25. 

The findings in Case 15 were extremely interesting in that the cardiac output was very high a d 
right atrial and systemic pressure were virtually normal, while the renal plasma flow was about 0: :- 
third of normal: the hands were also cyanosed and cold due to vasoconstriction. At rest th: -e 
was no clinical evidence of general circulatory embarrassment and the heart was only slightly dilai d 
(cardio-thoracic ratio 0-49). Clearly the dilatation seen in this man’s forearm (Table III) w 1s 
regional, and vasoconstriction in kidneys and hands appeared to be a homeostatic mechanism aim :d 
at preservation of the blood pressure. Lahey et al. (1953) described a similar case and also noi :d 
inhibition of water diuresis, which we observed but did not measure. 


TABLE V 


GLOMERULAR FILTRATION RATE, RENAL PLASMA FLOW, FILTRATION FRACTION, AND PACKED CELL VOLUME IN Five 
PATIENTS WITH BERI-BERI 


w 





| | = 


GFR. | RPF. | Blood | Cardiac output 

















Subject State | mil./min. ml./min. F.F. P.C.V. | urea 1./min. 
| | mg. % 
Case 4 | Untreated | 6 | 308 | 022 | 40 | 70 | 7-4 
Case5 | Treated 4days | 67 | 252 0:27 5339 | 41 | 61 
19 days g3 | 562 0-15 ae ee | 6-4 
65days | 101 | 520 019 | 48-0 sae 5-5 
Case6 | Untreated 77 292 | 0-27 “ao |} = | 80” 
| Treated 19 days | 96 | 677 0-14 50:1 — | 5-4 
Case9 | Untreated 61 268 0-23 42:3 4 126 
Case 15 | Untreated 7 =| «(207 0-33 | 34:8 2 | 200 | 





Means | Untreated 68 | 269 0-25 


u | 





Case 5 shows that renal vasoconstriction may be slow to relax and diuresis may also take many 
days to reach its maximum. Indeed the blood urea may go on rising for some days after treatment 
begins. 

These findings are similar to those of Lahey et a/. (1953, one case) and Iseri et a/. (1954, two cases). 
Iseri’s third patient had complicating pneumonia and was studied the day his temperature became 
normal: the renal plasma flow was normal and glomerular filtration rate above normal. Except 
for this patient, all reported cases show that the kidney, like the skin of the hand, does not share 
in the general vasodilatation. 

The extent of the reduction in renal plasma flow and filtration rate in these and other reported 
cases is not to be taken as the maximum that can occur in beri-beri. As shown elsewhere (Black:t, 
1955) the fall in blood pressure that marks the onset of acute pernicious beri-beri is associated wth 
oliguria and anuria. Following restoration of the circulation with thiamine, the blood urea | as 
been found to rise in these severe cases, and the urine flow to remain low for two days or e\ :-n 
longer. Although inulin and diodone clearances have not been measured in such cases, it is s: fe 
to assume that they are very low indeed. 


HEPATIC BLOOD FLOw 
Hepatic flow by the bromsulphthalein method (Bradley et a/. 1945) was estimated in two patie: ts 
only. The first (Case 7) had a cardiac output of only 7-5 litres per min. and duplicate hepa ic 
flows of 1528 and 1603 ml. a minute. In the second the cardiac output was not measured, but i¢ 
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hed a forearm flow of 11-3 ml./100 ml./min. (Case 19, Table III) and can be presumed to have had 
moderately severe beri-beri: he did in fact have marked oliguria and his hepatic flow was 2440 ml. 
a minute. 


fé 


as 


ond ® Z. 


These two cases need supplementing, but they do show that in beri-beri, unlike low output 
ure (Myers and Hickam, 1948), the hepatic flow is normal or high. It does not appear to rise 
much as the muscle flow, but further observations are necessary. 


METABOLIC FACTORS IN BERI-BERI 


In mild and moderate beri-beri we have confirmed earlier work that the plasma bicarbonate is 
mal or slightly reduced (Inawashiro and Hayasaka, 1928). In addition, plasma sodium, potas- 
n, chloride, and pH showed no consistent change. The blood pyruvate also was not much raised 

Lu (1939) found that it became normal long before the pulse rate. In balance studies on three 
‘ents with moderate beri-beri, Iseri et a/. (1954) found during recovery a positive potassium 
ince (329 m. equiv. in one case) and a much larger negative sodium balance depending on the 
-nt of fluid retention. 
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Fic. 12.—Renal plasma flow (diodone clearance) Fic. 13.—Blood pyruvate after ingestion of glucose 


Time in Hours 


before and after treatment. Normal range (1:75 g./kilo atG in Cases 15(@)and14(0). At 
enclosed. Renal plasma flow (and glomerular E Case 15 walked up and down 60 stairs at a slow 
filtration rate) are reduced in beri-beri. rate. Note the large rise from exercise. 


In acute pernicious beri-beri Lu and Platt (1939) found marked elevation of pyruvate. Fig. 13 


shows the blood pyruvate in Cases 14 and 15, both of whom had severe beri-beri just short of acute 
pernicious disease. In both the resting levels were high. The injection of glucose had very little 
effect on blood pyruvate in Case 14. In Case 15, therefore, exercise (climbing 60 stairs) was carried 
out two hours after the glucose ingestion. As it happened, the blood pyruvate level did rise after 
glucose alone, but reached much higher levels immediately after the exercise. 
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We have found no reported reference to plasma bicarbonate levels in acute pernicioi ; 
beri-beri. In Case 10, who was admitted moribund and given thiamine immediately, the plasn i 
CO, combining power six hours later was 6-3 m. equiv. per litre. Nine hours after admission it w: ; 
21-2. Three other cases, all seen after thiamine had been given, had CO, combining powers of 9: , 
12-5, and 13 m. equiv. per litre. Although these figures are lower than is usual in low outp t 
failure (Peters et al., 1927; Fraser et al., 1928), they are higher than in severe diabetic acidos ;. 
No measurements of pH were made. 


DISCUSSION 


~ 


The results show that the cardiac output in beri-beri is extremely variable, ranging from a hi 
normal to twenty litres a minute or more. Such high flows have not been reported previously 
beri-beri or indeed in any other high output state. The variability of the flow from case to case is a 
accord with the few accurate determinations referred to previously. Although the oxygen cc .- 
sumption may be high and so demand an increased blood flow, this is not an important factor n 
determining the high cardiac output. The circulation time is greatly reduced and the over:.|l 
arteriovenous oxygen difference may be as low as | volume per 100 ml. This implies an over: Il 
vasodilatation, which is confirmed by the low peripheral resistance. The negative correlation 
between cardiac output and mean arterial pressure in this series was close and it is probable that tiie 
high flow is determined by the low peripheral resistance. The alternative possibility that the high 
cardiac output is primary was accepted when it was thought that vagal degeneration was responsible 
for tachycardia. Wenckebach rejected this explanation and the present work confirms that tachy- 
cardia is less important than an increased stroke volume in the high cardiac output. Indeed the 
highest flow in the present series was achieved at a heart rate of only 88 a minute, with a stroke 
volume of 301 ml. per beat. This is in agreement with the finding of Bishop, Donald, and Wade 
(1955) that the “‘keystone of the hyperkinetic state is an increase in stroke volume, rather than an 
increased heart rate.” 

The high stroke volumes achieved in our most florid cases of beri-beri at rest are higher than in 
other hyperkinetic states and may be even twice as high as in vigorous muscular exercise in normal 
subjects (Asmussen and Nielsen, 1955). The resting cardiac output in some of our subjects cor- 
responded to that found in muscular exercise at an oxygen consumption of 2-5 litres a minute, which 
for an untrained subject is extremely hard work. This may go on for several days at least and it 
is not surprising that it leads to cardiac failure. Despite this ultimate failure, the thiamine deficient 
myocardium performs remarkably well. 

The plethysmographic studies show that the low peripheral resistance is due principally to vaso- 
dilatation in muscle—in effect an arterio-venous fistula. This vasodilatation has been demonstrated 
in cases without clinical evidence of heart failure. Indeed one consequence of vasodilatation-— 
muscle swelling—has long been recognized as one of the earliest signs of beri-beri (Reinhardt, 1916). 
This is in conformity with the biochemical evidence that thiamine is concerned in carbohydrate 
metabolism which is intimately connected with working muscles. It appears that the block in the 
metabolic pathways, induced by thiamine lack, leads to arteriolar dilatation. This appears to be 
the first hemodynamic aberration, for in mild and even moderate beri-beri cardiac performance 
often remains adequate at rest. The meagre data we have collected on exercise in recovering 
patients do not help in deciding whether exercise performance is normal in ingravescent illness, 
for the myocardium itself may change as a result of continued thiamine deficiency. 

Muscular vasodilatation increases the venous return and according to the concepts of Kro;h 
(1912) and Patterson, Piper, and Starling (1914) this increases the cardiac output, up to a maximu n 
of about 25 litres a minute. However, the increased arteriolar run-off from the muscles brin 's 
about other changes. It has been shown in dogs that opening an arteriovenous fistula leads to bo: y 
vasoconstriction (Van Loo and Heringham, 1949; Frank ef al., 1955). With fistule acco \- 
modating less than 20 per cent of the control cardiac output, the cardiac output increased by the fi Il 
amount of the fistula flow and vasoconstriction did not occur. With larger fistule the body fic v 
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‘Il and the cardiac output rose less than expected. Vasoconstriction maintained the mean arterial 
ressure until fistula flow reached 60 per cent of the control total output. Beyond that the arterial 
essure fell. With fistula flows exceeding 60 per cent of the control output, acute increases of 
‘asma volume with saline led to an increase of cardiac output to the full extent of the fistula flow 
d a disappearance of body vasoconstriction. Hilton et a/. (1955) in the same experiments also 
owed that body vasoconstriction involved the kidneys. There was a reduction in glomerular 
ration rate, a greater reduction in renal plasma flow, and an increase in the filtration fraction. 
milar changes were present in our patients with beri-beri, probably for similar reasons. 

In view of the emphasis in modern texts on the warmth of the hands in this and other high 
tput states the finding of a low heat elimination relatively resistant to reflex vasodilatation is of 
erest. Vasoconstriction also occurs in the hand at the onset of muscular exercise, but gives way 
dilatation after a few minutes in order to regulate temperature (Christensen and Nielsen, 1942). 
isoconstriction also occurs in the skin and perhaps the muscles of the arm when the legs are 
ercised (Donald et al., 1955). This is more pronounced in patients with an impaired cardiac 
tput response to exercise. Our findings in beri-beri therefore agree with the general thesis that 

increased demand for blood by the muscles or an obligatory increase in muscle flow due to 
amine deficiency leads to cutaneous vasoconstriction. 

The apparent discrepancy between the capillary pulsation with warm hands described by Wencke- 
ch and the cyanosed cold hands seen by us may be explained by the fact that all our patients had 
idence of circulatory insufficiency. In the early stages of beri-beri, when alcoholics do not come to 

i hospital, an increased hand flow may well be present. When the disease is producing disability 
e finding of cold or cyanosed hands should not prejudice the diagnosis of beri-beri. 

This cutaneous vasoconstriction appears to be an extremely sensitive index of circulatory in- 
ufficiency. It has been demonstrated in patients with right atrial pressures that are in the normal 
range and with normal mean systemic blood pressure. Similarly in the fistula experiments discussed 
above, body vasoconstriction occurred with insignificant changes in right atrial and arterial pressure. 
Nonetheless the filling pressure in our cases was probably abnormal as it fell with recovery and rose 
with exercise. 

The finding, in the only two patients studied, that splanchnic blood flow was elevated suggests 
that thiamine deficiency also leads to vasodilatation in the liver. Quantitatively it seems to be less 
striking than in the muscles, but a study of more florid cases with higher cardiac outputs is desirable. 
The high liver blood flow contrasts with the low flows found in low output failure (Myers and Hickam, 
1948) and with the fall during exercise in both normal subjects (Wade et al., 1956) and in patients 
with chronic rheumatic heart disease (Bishop et al., 19555). 

Pulmonary arterial pressures at rest in those who had cardiac indices below 8 litres a minute 
usually exceeded those obtained by Dexter et a/. (1951) and Donald et a/. (1955) in exercising 
normal subjects. At flows exceeding 8 litres a minute per square metre, pulmonary arterial 
pressures in these patients were of the same order as those found by Donald at comparable flows 
during exercise. Unfortunately Donald did not measure wedge pressures which in this series were 
usually raised. 

Also in agreement with both groups we found no significant change in pulmonary vascular 
resistance during the high output state. The pulmonary artery to capillary gradient tended to be 
higher with increasing flows but there were considerable variations. Dexter too found an increasing 
gradient with increasing flows during muscular exercise. It was of great interest to find in our 
Case 10 that reduction of flow from 15-7 to 6-0 litres a minute was associated with a marked rise in 
pulmonary arteriolar resistance and a fall in pulmonary wedge pressure. This patient had much 
right ventricular hypertrophy by electrocardiogram (unusual in beri-beri) and it is tempting to infer 
that pulmonary vasoconstriction was induced reflexly as a brake on the hypertrophied right ventricle. 

On exercise the rise of mean pulmonary arterial pressure tended to be higher than in Dexter’s 
normal subjects and in the subjects themselves on recovery. This we interpret as evidence of left 
ventricular failure. 
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Elevation of right and left atrial pressures in most patients with beri-beri contrasts with th 
findings in other hyperkinetic states (Bishop et a/., 19555) and supports the idea that raised fillin 
pressure is a sign of myocardial insufficiency. An increased venous return stimulates the ventric! 
but ventricular compensation should be complete so that atrial pressure remains normal. Failu 
to achieve a normal filling pressure must mean cardiac insufficiency. 

Doubtless because of this factor we have not seen in this form of hyperkinemia the supe: 
normal cardiac outputs found by Bishop and his colleagues in anemia, and by Hayasaka an 
Inawashiro in beri-beri. From the meagre data the Japanese workers gave, it appears that most c ° 
their subjects had mild cardiovascular beri-beri. Their findings need confirmation, but are in lir 
with those reported by Bishop in anemia. 

The variation in ventricular dynamics from case to case deserves emphasis. Fig. 6 shows 
wide range of output at any given filling pressure. No single Starling curve could be fitted to tl 
data, whether we used total flow, stroke volume, or work per beat as the abscissa. Severe beri-be:: 
as judged by high pyruvate levels, metabolic acidosis, hyperpneea, and a high cardiac output is n« 
incompatible with normal filling pressures at rest. ' other cases without acidosis, the flow is littl: 
above normal but the filling pressure is most abnom.al. Between these two extremes almost an, 
combination of flow and filling pressure occurs. Wenckebach attributed heart failure in beri-beri to 
‘**weakness of the muscle and loss of tone of the myocardium, which comes about through an over- 
flow from the veins, due to insufficiency of the arterial part of the peripheral system.” (free translation 
from Wenckebach, 1934). 

Though this is the essence of the more florid cases, Keefer (1930) pointed out that many cases 
seen in Peking had little clinical evidence of a hyperdynamic circulation. Keefer’s cases were 
probably similar to some of our own with relatively low outputs. They show that cardiac dys- 
function is not necessarily due to overfilling but to primary myocardial dysfunction. This dys- 
function is probably metabolic in part for very high filling pressures with low “high outputs” may 
return to normal in a few days with thiamine. But there is much evidence in man that histological 
changes also occur (Weiss, and Wilkins, 1937; Crawford, 1952) although they may be non-specific. 
The frequent slow return of cardiac size to normal and the persistence or worsening of S-T segment 
changes in the electrocardiogram for as long as six weeks after therapy support this conclusion. 
Indeed it is probable that the syndrome of alcoholic cardiomyopathy (Dock, 1940; Brigden, 1957), 
which occurs in the same setting as classical beri-beri, represents nothing more than failure of 
resolution and organization of muscle necrosis and interstitial edema that occur acutely. The 
passage from classical recoverable beri-beri to chronic thiamine-resistant myopathy had been 
observed in several patients (Conomy, 1959). Low grade thiamine deficiency may produce minimal 
symptoms, which are accepted by an alcoholic as part of his life. Going on for years, continued 
deficiency may well end in severe fibrosis (Schlesinger and Benchimol, 1951) without any clinical 
episode of florid beri-beri. 

Since the work of Weiss and Wilkins (1937) there has been considerable controversy over the 
importance of left as opposed to right ventricular failure. Wenckebach (1928, 1934) and Vedder 
(1938) emphasized the importance of right ventricular hypertrophy, dilatation, and failure, but 
recognized that the left ventricle might show these changes in lesser degree. Weiss and Wilkins 
thought that left-sided failure was just as common as right. Fig. 14 shows that pulmonary wedg: 
pressure and right atrial pressure usually rise together. In this sense Weiss and Wilkins wer: 
correct. But the wedge pressure is usually below the critical level for pulmonary cedema, which i) 
our experience is minimal or absent in the great majority. Matsuoka (1915) also found path 
logically that pulmonary oedema was less than in the more common varieties of left ventricule - 
failure. Pulmonary oedema may be a feature of the terminal illness, particularly in those with th : 
lower flows. We have not seen it in isolation without commensurate right ventricular failure. 

The left ventricle carries the same volume load as the right, but the more florid the case the low« 
the resistance that opposes it. The right ventricle, however, contracts against the resistance of tk 
pulmonary circuit, which may rise a little, and of the left ventricle, which may be as much as fou 
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imes normal. Fig. 8 shows the change in the ratio of left ventricular to right ventricular work 
gainst resistance in 9 cases. Although there is considerable variation all cases showed a rise in 
he ratio with recovery, some by a factor of 3. The absolute increase in left ventricular work in 
‘orid cases may be by a factor of 4. The work of both ventricles is clearly much increased but that 
f the right increases more than that of the left. 

The present findings therefore confirm the classical view that right ventricular failure is domi- 
ant, but they also show that the left ventricle may suffer considerably, particularly when its per- 
»rmance is impaired by metabolic and structural changes of thiamine deficiency. 

The importance of metabolic acidosis in beri-beri cannot be decided from the limited observations 
e have made. It has been shown (Lange et al., 1951) that severe acidosis induced in dogs by in- 
isions of gluconic acid will increase the cardiac output by 142 to 381 per cent when the pH is reduced 
y about 0-3 units. This increase in output is associated with bradycardia and an increased 
roke volume. Whether such severe acidosis occurs in acute pernicious beri-beri remains unknown. 
uch patients do have deep rapid respiration as in diabetic acidosis, and it is quite likely from the 
icarbonate levels that pH changes approaching those in diabetic coma do occur. However, in 
iabetic acidosis Howarth et a/. (1948) found that restoration of the alkali reserve did not affect the 
asodilation, low blood pressure, and slightly raised cardiac output. They thought that peripheral 
asodilatation was present in the muscles, but as in beri-beri the factor responsible for this isunknown. 

Metabolic acidosis with further vasodilatation and sinus deceleration may prove to be the last 
‘(raw in pernicious beri-beri. But it is quickly overcome by thiamine, and in moribund cases with 
| low output and absent peripheral pulses, the cardiac output rises to high levels as the plasma 
vicarbonate returns to normal. Case 10, in which the output was determined 24 hours after 
hiamine, is our best documented example of this. Acidosis clearly is not responsible for the high 
low seen in the usual case. The metabolic aberration responsible for vasodilatation in the muscles 

is more slowly overcome and usually takes two or more days to right itself. In diagnosis the low 
plasma bicarbonate may prove useful. 

Weiss and Wilkins attributed the beneficial effect of thiamine to the closing down of peripheral 
arteriovenous shunts. Lahey et al. (1953) confirmed this by demonstrating a reduction in cardiac 
output with a rise in peripheral resistance within two hours after giving thiamine. But in their case 
the right atrial pressure was normal and did not change after thiamine. The possibility that thiamine 
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has a direct myocardial action by correcting myocardial metabolism has not been ruled out. Ir 
Case 4 right atrial pressure fell in 3 days from 19 to 3 mm. Hg with little change in flow or resistance 

In one patient 1-5 mg. of digoxin given intravenously produced no hemodynamic response it 
two hours. Clinically we have seen some resolution of cedema after digoxin and have never seet 
it do harm as is sometimes claimed. 

Finally, beri-beri provides an example of a rapidly reversible form of heart failure in whic! 
fluid retention is often conspicuous. Fig. 15 from an earlier paper (Blacket, 1955) shows that th 
losses of weight and plasma volume with recovery are linearly related. This finding agrees wit! 
that of Funkhouser ef al. (1957) in low output failure and therefore suggests that similar factor 
are operative. However, as Manson (1900) recognized and we have confirmed, the ceedema of beri 
beri is not necessarily cardiac in distribution. Any generalizations should be avoided at present 
particularly as earlier workers, admittedly using less accurate criteria than Funkhouser et al., havc 
not found the same linearity (Gibson and Evans, 1937; Meneely and Kaltreider, 1943; Gunto: 
and Paul, 1955). From the experiments of Frank ef al. (1955) plasma expansion probably help: 
to maintain the cardiac output in beri-beri for atime. If excessive, however, it becomes a liability 
for venesection has a favourable, but transient, effect on the symptoms of acute pernicious diseas¢ 
(Wenckebach, 1934). 

SUMMARY 

Various hemodynamic observations have been made in 19 patients with thiamine-sensitive 
alcoholic beri-beri. They show that the cardiac output and ventricular filling pressures are ex- 
tremely variable. The cardiac output at rest varies from a high normal to about 25 litres a 
minute, and the right atrial pressure from normal to 20 mm. Hg. There is no correlation between 
pressure and flow, and it is concluded that myocardial performance varies tremendously from case 
to case. 

Filling pressures on the two sides of the heart tend to rise together. The work of both ventricles 
is increased, but that of the right rises more than that of the left. This is in conformity with the 
classical view that right-sided failure is dominant. 

The total peripheral resistance falls in beri-beri to as low as a quarter of normaLin the most 


florid cases. This fall in overall resistance is due principally to vasodilatation in the arterioles of 


the somatic musculature, where there is in effect an arterio-venous fistula. There is a simultaneous 
rise in resistance to flow in the skin of the hand and in the kidneys. This is interpreted as a homeo- 
static reflex vasoconstriction, aimed probably at maintenance of a normal arterial pressure. 

The plasma volume tends to expand in beri-beri according to the availability of fluid. This 
expansion exceeds physiological requirements in many cases and accentuates circulatory embarrass- 
ment. There is a linear relationship between plasma volume expansion and gain in weight due to 
cedema. 

In acute pernicious beri-beri there is a severe metabolic acidosis and this, superimposed on the 
hyperkinetic state, may be the final cause of death. 

It is suggested that thiamine deficiency has its main circulatory effects on the arterioles of the 
muscles but, sooner or later in different cases, impairs myocardial performance directly. The 
clinical picture is determined by the preponderance of one or other of these factors, complicated 
by varying amounts of fluid retention and in acute pernicious beri-beri by a terminal acidosis. 


We wish to thank the senior physicians of the Royal Prince Alfred Hospital for their ready agreement to study patients 
under their care; also Dr. Kempson Maddox of the Hallstrom Institute of Cardiology and Professor C. G. Lambie 
of the Department of Medicine for technical facilities. 
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The exact nature of cardiac myxomata and how far it is neoplastic or thrombotic is still dispute.i, 
but their common clinical manifestations are well recognized: inconstant murmurs, cardiac embi'- 
rassment, syncope, arrhythmia, and pulmonary or systemic embolism (Goldberg and Steinberg, 
1955; Paquet, 1956). Systemic emboli are said to occur, most commonly in the kidneys, brain, 
and extremities (Prichard, 1951) and may consist of tumour fragments or surface thrombi (Anderson 
and Dmytryk, 1946; Paquet, 1956). Recently Edwards and Johnson (1959) described the case of 
an elderly woman who developed aortic saddle embolism and had an embolectomy at which the 
material occluding the aorta was noted to be jelly-like. She died shortly after operation and was 
shown post-mortem to have had a left atrial myxoma, the histological appearances of the cardiac 
tumour and the embolus beingidentical. Brewin (1951) also reported a case of aortic saddle embolism 
due to a left atrial myxoma in a 42-year-old man, in whom the whole tumour broke off from its 
stalk-like attachment to the margin of the fossa ovalis and occluded the distal aorta: the patient 
died within two days and the diagnosis was made post-mortem. 

We have encountered two examples of saddle embolism associated with myxomata. In one a 
myxoma of the right atrium resulted in hemorrhage in the interatrial septum with thrombus 
formation in the left atrium and subsequent fatal embolism. In the second the embolus consisted 
of tumour and was presumed to have come from the left side of the heart, though this could not be 
proved, even by angiocardiography: the patient underwent successful embolectomy. This would 
appear to be the first ante-mortem diagnosis of cardiac (or at least vascular) myxoma by embolectomy, 
a procedure forecast by Bahnson and Newman (1953) and Paquet (1956). 


CASE REPORTS 


Case 1. A married woman, aged 22, was admitted to hospital as an emergency. An hour previously 
while out shopping she had felt a sudden pain and a click in the lower part of her back and her legs had 
given way beneath her. A medical student found her lying in the road unable to use her legs and arranged 
her admission to hospital by ambulance. Her previous health had been excellent apart from occasional 
migraine. She had had two normal pregnancies. Direct questioning of her husband failed to evoke any 
history of syncopal attacks or symptoms suggestive of pulmonary or systemic embolism. 

Physical examination showed a pale, young woman, screaming, moaning, and throwing herself abo 
but tending to keep her knees and hips flexed. Her pulse was regular at 100 a minute, her temperati ‘e 
101° F, and her blood pressure 120/75. No abnormality was noted in her head and neck, upper limbs, 
chest. The abdomen was flaccid and showed strie gravidarum. The abdominal aorta was not palpat 2 
The vulva and vagina were violaceous. The lower limbs were cold and white below mid-thigh and 
their pulses were absent. There was flaccid paralysis and complete anesthesia below the knees. 

The hemoglobin was 13-2 g. per 100 ml. and the white cell count 18,600 per cu. mm. (83°%% polymorp 
15% lymphocytes, 2°%% eosinophils). The blood sedimentation rate was 37 mm. an hour (Westergren). 
catheter sample of urine showed no protein, sugar, or other abnormality on microscopic examinatic .. 
The Wassermann test was negative. A chest X-ray showed no abnormality. On oscillometry, no deflecti 1 
was detected in thighs or calves. 
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The differential diagnosis at this point lay between dissecting aneurysm and saddle embolism of the 
rta. Three hours after admission, when seen by Mr. N. Matheson, she was more co-operative and had 


‘ore power in her thigh muscles. Mr. Matheson noted the absence of calf tenderness and the presence of 


ermittent intense pallor and severe pain (without swelling of the limbs), all suggesting that a spasmodic 
ment was prominent. In view of her age and the absence of obvious arterial or cardiac disease, he advised 
iservative treatment. 

Accordingly she was treated with heparin (intravenously) 10,000 international units (77 mg.) followed by 
)0 units i.u. (S8 mg.) 4 hourly; morphine sulphate, 0-25 grains (15 mg.) subcutaneously; priscol 25 mg. 
-avenously; nicotinic acid 100 mg. intravenously; papaverine 10 mg. intramuscularly, and penicillin 
),000 units 6-hourly intramuscularly. Following this treatment vasodilation with flushing and warmth 
; noted in the upper half of the body and for the first time venous mottling became apparent in the legs, 
| there was thought to be intermittent pulsation in the femoral arteries. Attempts at femoral artery 
icture were unsuccessful but local infiltration with 10 ml. of 1 per cent procaine into the region of the 
sries was carried out, without obvious improvement. Further injections of priscol were given and 
e hours after admission 60 mg. of procaine in 20 ml. normal saline was injected intravenously and was 
owed by increased mottling of the legs. During the night, 12 hours after admission, pulsation was felt 
he right femoral artery and increased skin temperature as low as the knees; the calf muscles were, however, 
fening and the feet were still dead white. The next morning, 18 hours after admission, the thighs were 
w cold and the calves livid; paralysis and anesthesia were complete below the waist. The blood pressure 
; unobtainable in the left arm and recorded as 85/50 in the right. A few ounces of urine were obtained by 
heter. She was now sinking rapidly and all treatment except morphine was discontinued. She died 
hours after admission. 

Post mortem (Dr. W. F. Hamilton). The important findings were in the heart and aorta (Fig. 1). The 
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Fic. 1.—A black and white print from a colour drawing of the main necropsy findings in the heart and the 
saddle thrombus at the bifurcation of the aorta. Case 1. 


right atrium was a little dilated, and attached to its septal wall in the region of the fossa ovalis by a pedicle, 
1 cm. long, was a tumour (4xX3x2-5cm.). Its surface was lobulated and smooth and its consistency soft. 
Both the external and cut surfaces were mottled, dark red and yellow. The endocardium was otherwise 
normal and there were no ante-mortem clots. In the left atrium there was an ante-mortem clot with a 
ragged surface attached to the septal wall opposite the attachment of the tumour in the right atrium. There 
were no other abnormalities in the heart. 


The aorta showed a few fatty streaks and at its bifurcation contained a Y-shaped embolus extending into 


the common iliac arteries (Fig. 1). The embolus was rather thin and did not fill the lumina either of the 
aorta or the iliac arteries. Histologically the tumour was a typical myxoma. The interatrial septum was 
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intact except that on the left side there was adherent blood clot, part of which was apparently under th 
endocardium. 

Case 2. This woman, aged 60, was running after her grandchild at 10.30 p.m. when she sudden! 
lost the power of both her legs and developed severe pain in the lumbar region and in both legs. Sh 
was admitted to hospital in a state of severe clinical shock. The lower limbs were paralysed, anzstheti: 
cold, and pulseless. There was no abnormality on general examination, and, in particular, no clinic< 
evidence of heart disease nor cardiographic changes of myocardial infarction. 

Aortic embolectomy was performed by Professor D. M. Douglas at 1 a.m. the next morning. Th 
material removed at operation looked like tumour tissue rather than thrombus and was therefore sent fc 
histological examination, which was reported as being “‘typical myxomatous tissue.’” There was a rapi 
clinical recovery to normal within the next four days. 

During convalescence, further studies were carried out. Auscultation revealed no murmurs at an 
time. A chest X-ray (including cardiac screening) showed no abnormality, and the electrocardiograt 
showed ventricular ectopic beats, but no other abnormality. For angiocardiography, 50 ml. 70 per cen 
pyelosil were injected into an antecubital vein and records were taken at the rate of two per second fo 
10 seconds on a biplane Schonander machine. The antero-posterior films jammed at 44 seconds. The let 
atrium was clearly visualized in the lateral films at 5 seconds following the return flow of blood throug 
the pulmonary circulation. No intra-atrial tumour mass was visualized. 

Two months later, the patient was discharged fit. She had been on holiday when her illness started s: 
she has not been closely followed up by us. However, she was seen as an outpatient eight months afte: 
operation, when her general condition and the vascular findings in the legs were satisfactory. 


DISCUSSION 
These two case reports illustrate that myxomata must be borne in mind as a cause of systemic 


embolism and aortic bifurcation block, either by the dislodgement of tumour fragments or of 


related thrombi. In the first patient the right atrial myxoma led to thrombus formation in the left 
atrium opposite to the tumour attachment, presumably secondarily to mechanical trauma to the 
interatrial septum brought about by the tumour during cardiac systole. Subsequent dislodgement 
of a fragment of left atrial thrombus accounted for the aortic embolism. 

In the second patient following successful embolectomy the embolus was proven histologically 
to be myxoma tissue. We can only speculate regarding its origin. Prichard (1951) states that 
myxomata occur almost exclusively in the atria, about three-quarters of them in the left atrium. 
Accordingly this patient was submitted to angiocardiography but no large interatrial mass could be 
demonstrated. If the left atrium was the site of the myxoma, then most of the tumour must have 
broken off to form the embolus as in the case reported by Brewin (1951). In view of her present 
state of good health, no further investigations have seemed warranted. 


SUMMARY 


Two cases are reported illustrating the association between myxomata and aortic bifurcation 
block. In one a right atrial myxoma led to left atrial thrombus formation and systemic embolism. 
In the other successful embolectomy was carried out and the diagnosis of myxoma was made fro 
histological examination of the embolus. 


We are indebted to Dr. W. F. Hamilton and Dr. George Smith for pathological reports and to Mr N. Matheso: 
and Professor D. M. Douglas for their surgical managements of the patients, and to Dr. C. Pickard for the angic 
cardiographic interpretation. 
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In order to determine the incidence and significance of the various auscultatory findings in 
h »ertension, a clinical and phonocardiographic study was carried out in 100 patients. The 
ients were observed over 18 months to two years, and the necropsy findings in those who died 
e been correlated with the clinical signs. 


ca "es 


METHODS 


The patients had average casual blood pressure readings of over 180 mm. Hg; 69 per cent 
we Out-patients and 31 per cent in-patients. Following the classification of Keith et al. (1939), 
2C per cent were Grade I, 41 per cent Grade II, 16 per cent Grade III, and 23 per cent Grade IV. 
Ei:hty per cent showed both electrocardiographic and radiological evidence of left ventricular 
hypertrophy, 18 per cent showed radiological but no electrocardiographic abnormality, and 
2 per cent showed left ventricular hypertrophy on the electrocardiogram but not on the X-ray. 
Thus the study represents the findings in moderately severe hypertension. 

The clinical examination was carried out by each of us within the same hour and the findings 
were recorded independently and subsequently compared. The only physical sign on which we 
frequently differed was concerning the atrial sound: this problem is discussed fully in the text. 
Where there was disagreement over other signs a re-examination or phonocardiogram decided the 
issue. 

Phonocardiograms were performed with an apparatus with frequency response specifications 
similar to those recommended by Leatham (1952) for clinical work. Standard lead II was employed 
throughout for the simultaneous electrocardiogram. In cases where summation confused the 
interpretation of added sounds, it was usually possible to determine their origin, either by slowing 
the heart with carotid sinus pressure or by serial phonocardiography after clinical improvement. 


RESULTS 

The Atrial Sound. Audible sounds occurring 0-07 second or later after the beginning of the P 
wave, but preceding the beginning of the QRS complex of the simultaneous electrocardiogram, 
were accepted as atrial sounds. Care was taken to exclude third heart sounds which may be 
constantly presystolic in timing if they occur relatively late and there is a moderate tachycardia. 
The interpretation of a phonocardiogram in terms of audibility of any vibration may be difficult, 
but with any given recording system it is usually possible to distinguish between the comparatively 
higher-frequency audible atrial sound and the low-frequency presystolic vibrations that may occur 
normally and precede the main audible component of the atrial sound when this is present in 
a pathological heart. 

The true incidence of atrial sounds is difficult to assess. Clinically it may be impossible to 
distinguish an atrial sound from a “‘split” first heart sound in which the initial component is low 
pitched (Kincaid-Smith and Barlow, 1959 a). We have shown that with clinical improvement the 

* Present address: Department of Medicine, Witwatersrand University, Johannesburg, South Africa. 
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atrial sound may become incorporated into the first heart sound and that its time relationship t 
the start of the QRS complex may vary in the same patient over a short period of observatic 
(Kincaid-Smith and Barlow, 1959 b). If the atrial sound is defined as a sound preceding 
(Weitzman, 1955), then when it occurs after Q it becomes an atrial component of the first hea 
sound (Kincaid-Smith and Barlow, 1959 a). It is impossible on clinical auscultation to disti 
guish such fine differences in the timing of the sound and thus a late atrial sound is indistinguis 
able from an atrial component of the first sound. An obvious presystolic gallop, where the atri 
sound and first sound are widely separated, presents no difficulty. 

On clinical auscultation both observers were agreed that an unequivocal atrial sound w 
present in half of the cases. Phonocardiograms were performed in 45 of these and all but o: 
showed a large presystolic vibration representing the audible atrial sound (Fig. 1). In the o: 
exception the sound occurred just after the Q and so had to be interpreted as an atrial compone: 
of the first heart sound. 
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Fic. 1.—Synchronous phonocardiogram and electrocardiogram, showing atrial sound. M.A.=Mitral Area, 
L.F.=Low Frequency. 


Of the other 50 cases, three had atrial fibrillation, two had summation sounds which we were 
unable to elucidate with carotid sinus pressure, and in 9 both observers agreed that no atrial sound 
was present and this was confirmed by phonocardiography. The remaining 36 patients belonged 
to the difficult group in which a low-pitched sound preceded the major components of the first sound 
but the two were so close that it was not possible to decide clinically if a “late” atrial sound or an 
atrial component of the first sound were present. We have shown that in any one such case t!:e 
timing of the atrial vibration varies in relation to the commencement of the QRS complex (Kincai |- 
Smith and Barlow, 1959 b) and thus a phonocardiogram is only of confirmatory value wh n 
performed at the time of the clinical examination. This was done in six instances and all show 
an atrial sound just preceding the start of the QRS complex. 


a5 


Therefore the incidence of atrial sounds in this series was at least 50 per cent, but probably abc 't 
70 per cent. Owing to spontaneous variations, however, it is impossible to give a precise estim: e 


of the incidence of the atrial sound. 


The optimum site for audibility of the atrial sound was the apical region in all but twocases. 1 
one of these it was best heard at the left sternal edge in the fourth interspace and in the other it w s 
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ecard only in a localized area above the left nipple. In 30 of the 50 patients in whom a certain atrial 
und was thought to be present, one or both observers considered that the sound was heard best 
heard only with the patient lying on the left side. A palpable presystolic impulse was present in 
per cent of the total series. Though sometimes more easily felt than heard, the atrial sound was 
: lpable but not audible in only one instance. 

The interval between the beginning of the P wave and the atrial sound, which Duchosal (1935) 
‘med the P-G interval, varied between 0-09 and 0-19 sec. in this series; the average was 0-145 sec. 
is interval altered with the clinical state of the patient and as a result of various manceuvres 
incaid-Smith and Barlow, 1959 b). 

The Third Heart Sound. Like many previous authors (Thayer, 1908 and 1909; Bridgman, 1915; 
\iferth and Margolies, 1933; Braun-Menendez, 1938; Evans, 1943) we have not been able to 
d any criterion that distinguishes a physiological from a pathological third heart sound. We 
isider that this sound is usually loudest at the apex and, like the atrial sound, often audible only 
ch the patient in the left lateral position. Because of its common occurrence in normal young 
yjects (Thayer, 1908 and 1909; Evans, 1943), it is essential to consider age when studying the 
nificance of the third heart sound in hypertension. Evans (1943) states that the third heart 
ind does not occur in normal people over the age of 40 years. 

In our series third heart sounds were heard in 34 of the 100 patients examined. Seven of these 
re under 40 years of age, five had had recent paroxysmal nocturnal dyspnoea or congestive 

. rdiac failure, eight had malignant hypertension, and five had associated ischemic heart disease. 
|. the remaining nine it was not possible to correlate the presence of a third sound with any other 
c mmon feature. All nine had electrocardiographic and radiological evidence of left ventricular 
c.ilargement in common with 80 per cent of the total series. In six of these nine the third sound 
Was transient. 

In only one patient in sinus rhythm was a third heart sound present in the absence of an atrial 
sound. In this instance the P-R interval was only 0-10 sec. and this may preclude the occurrence 
of a presystolic atrial sound (Kincaid-Smith and Barlow, 1959 b). In two patients there was atrial 
fibrillation so the atrial sound was obviously absent. The remaining 31 patients all had a quadruple 
rhythm. The third heart sound was clearly demonstrated in all 16 on whom a phonocardiogram 
was performed to confirm the clinical observation. 

Systolic Murmurs. Systolic murmurs were present in 73 patients. According to Leatham’s 
(1951, 1952, and 1958) criteria these were ejection in character in 71 and regurgitant in 2 cases. 

Of the ejection systolic murmurs, 39 were Grade I in intensity (Levine, 1933), 22 Grade II, 8 
Grade III, and 2 Grade IV. Thirty-three were audible only at the apex and 38 at both apex and 
base; none was heard solely at the base. Phonocardiograms were performed in 40 of the 71 
and the ejection character of the murmurs confirmed (Fig. 2). In all 48 patients on whom the test 
was performed, the inhalation of amyl nitrite increased the intensity of the ejection systolic murmurs 
(Kahler, 1932; Barlow and Shillingford, 1958; and Bruns and Van der Hauwaert, 1958). 

Seven of the 71 patients with ejection systolic murmurs died during the period of observation. 
In six of these the aortic valve showed no evidence of calcification of the bases of the cusps nor any 
other abnormality. Two had had a Grade III, three a Grade II, and one a Grade I ejection murmur 
clinically. In the seventh patient (Grade III systolic murmur clinically) a chronic rheumatic aortic 
stenosis was found at autopsy. This suggests that in many cases of hypertension, even where a 
Grade II or III ejection systolic murmur is noted, there is often no organic lesion of the aortic 
valve. 

A regurgitant systolic murmur was present in only two patients; this was confirmed in each case 
by the presence of a pansystolic murmur on the phonocardiogram and by the diminution of the 
murmur immediately after the inhalation of amyl nitrite (Barlow and Shillingford, 1958). One 
patient has since died and rheumatic mitral regurgitation was demonstrated at autopsy (Case 1 in 
Table I). The other (Case 2 in Table I) had associated early diastolic and mid diastolic murmurs 
and was therefore likely to have rheumatic heart disease. 
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TABLE I 


Fic. 2.—Ejection systolic murmur (Grade 2 clinically) in a hypertensive patient. 


DATA ON PATIENTS WITH APICAL REGURGITANT SYSTOLIC MURMURS 
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Patient | Sex Age Associated X-ray | Autopsy Remarks | Conclusion 
| | murmurs | | 
1. F 59 MDM LA+ | Rheumatic | Aur. fib. Organic M.R. 
| M.R. 
2. M 73. | MDM,EDM | LAnormal | — | LA+ on E.C.G. | Probable 
| organic M.R. 
5. F 53 | MDM LA+ | Rheumatic — Organic M.R. 
M.R. | 
4. | F 33. | MDM | LA+ | Libman Sacks | -_ | Organic M.R 
| endocarditis 
5. M 79 | _ | LA+ | Calcified | — | Organic M.R 
| calcified | posterior | 
mitral valve cusp 
| LA+ — | History of | Probable 
| | rheumatic fever | organic M.R 
| LAnormal | — | Probable 
| calcified organic M.R 
| mitral and | | | 
aortic valves | | 
| LA normal — LA+ on E.C.G. | Possible 
| | Pan S.M. for organic M.R 
| 2 years 
| LA normal | Mitral valve Pan S.M. for | Functional M. 
| | 
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Since functional mitral regurgitation has often been mentioned as the cause of the apical systolic 
rmur in hypertension (White, 1944; Fishberg, 1954; Friedberg, 1956; Levine, 1958) and because 
y two in our series of 100 consecutive cases had regurgitant systolic murmurs, we include obser- 
ions on further patients, approximately 300, whom we have seen presenting with hypertension 
r a two-year period. Seven of these had apical regurgitant systolic murmurs and this was con- 
ied by phonocardiography in each instance. The references to cases set out below relate to 
le I. In 6 of the 7 patients we found evidence of an organic mitral valve lesion. Three of these 
| during the period of observation and all had organic mitral regurgitation at necropsy. One 
se 3) had chronic rheumatic mitral valve disease, another (Case 4) had Libman Sacks endocarditis 
ciated with systemic lupus erythematosus (Fig. 3), and the third (Case 5) a calcified and distorted 
‘al cusp (Fig. 4) such as occurs in association with other calcified atherosclerotic lesions in old 


sa emrmarnmho cos 





Fic. 3.—The left ventricle opened, showing chronic mitral valve scarring and Libman Sacks 
endocarditis (Patient 4 in Table I). Full scale. 


age (Fertman and Wolff, 1946; Rytand, 1946; Rytand and Lipsitch, 1946; Fishberg, 1954; Simon 
and Liu, 1954). In two patients there was strong clinical evidence of organic mitral disease, a 
history of rheumatic fever and associated aortic regurgitation in one (Case 6), and mitral and aortic 
valve calcification in the X-ray of the other (Case 7). In another (Case 8) the regurgitant systolic 
murmur had persisted for two years and the electrocardiogram suggested left atrial hypertrophy: 
there was no other evidence of an organic valve lesion in this patient but in view of his age (75 years) 
and the rarity of functional mitral regurgitation we considered that he might well have atherosclerosis 
and calcification of the posterior cusp of the mitral valve. The final case (Case 9) probably had 
functional mitral regurgitation. This patient who was suffering from malignant hypertension 
developed a soft apical pansystolic murmur three days before death from uremia and the mitral 
valve was normal at necropsy. 

Mid- Diastolic Murmurs. The occurrence of a low pitched rumbling apical mid-diastolic mur- 
mur in hypertensive patients has long been recognized in the absence of organic mitral stenosis 
(Fisher, 1894; Phear, 1895; Wood and White, 1923; White, 1926; Weinstein and Lev, 1942; Harrison 
and Wood, 1949; Luisada ef al., 1955). In only a few of the cases described, however, were the 
murmurs noted in hypertension with completely normal mitral valves at necropsy (Harrison and 
Wood, 1949; Luisada et al., 1955). Most of the remainder showed minimal organic mitral valve 
lesions such as calcification of the posterior cusp. 
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Fic. 4.—Mitral valve seen from under surface. Showing heavy calcification and scarring 
of posterior cusp causing organic mitral regurgitation (Patient 5 in Table I). Full scale. 


In our series of 100 consecutive cases a mid-diastolic murmur was heard and recorded phono- 
cardiographically in 6. Two of these were accepted on other criteria as probably having rheumatic 
heart disease; the third had systemic lupus erythematosus and possibly Libman Sacks endocarditis; 
the fourth (aged 80) had calcification of the mitral and aortic valves on radioscopy. In the fifth 
case necropsy showed a chronic rheumatic endocarditis with mild mitral stenosis and a spherical 
thrombus almost filling the left atrium. In the sixth patient a soft short mid-diastolic murmur was 
thought to be functional because of its transient nature and of the absence of other evidence of 
mitral valve disease. 

Excluding patients with obvious rheumatic heart disease, we have heard mid-diastolic murmurs 
in 8 of approximately 300 other hypertensive patients observed over a period of two years. 
Necropsy showed that 5 of these had organic mitral valve lesions. The underlying pathology was 
rheumatic in one, Libman Sacks endocarditis in another (Case 4, Table I) shown in Fig. 3, and 
atherosclerosis with calcification of the posterior mitral cusp in three, aged 76, 77 and 79; the last 
of these is shown in Fig. 4. Two patients had transient short mid-diastolic murmurs, which were 
shown to be functional, as normal mitral valves were found at autopsy in both instances. 

The cause of the “‘mid-diastolic murmur” in the last case was atrial contraction occurring in 
early diastole, due to a first degree heart block. The P-R interval was nearly 0-40 sec. and both 
clinically and phonocardiographically the atrial sound resembled a mid-diastolic murmur (Fig. 5). 
This resemblance has previously been observed by others (Rytand, 1946; and Evans, 1954). 

The two added diastolic sounds in quadruple rhythm with tachycardia may also resemb': a 
mid-diastolic murmur (Luisada and Aravanis, 1957). We have seen this in several patients but the 
true nature of the sign was discernible on slowing and we have therefore not included these in >ur 
observations on mid-diastolic murmurs. 

Thus in our experience a mid-diastolic murmur in hypertension, excluding cases of obv >us 
rheumatic heart disease, is still likely to be associated with an organic mitral valve les )n. 
The commonest condition in this series was calcification in an atheromatous posterior m ral 
valve cusp. We have heard only 3 mid-diastolic murmurs that we believed to be functions in 
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Fic. 5.—Phonocardiogram of apparent mid-diastolic murmur due to first-degree 
heart block (P-R interval about 0-40 seconds). 


aj /roximately 400 cases of hypertension; this, of course, excludes the “‘ mid-diastolic murmurs” due 
to juadruple rhythm with tachycardia and the patient with the prolonged P-R interval. 

Early Diastolic Murmurs. The occurrence of an early diastolic murmur in hypertension is well 
dccumented (Boas and Fineberg, 1926; Garvin, 1940; Gouley and Sickel, 1943; White, 1944; 
Fishberg, 1954; Friedberg, 1956; Evans, 1957; Smirk, 1957; Levine, 1958; Wood, 1958). We 
encountered this murmur in 9 of the 100 patients examined. Four had malignant hypertension 
and three have since died; all three had normal aortic valves at autopsy. Aortic regurgitation 
seems to occur more commonly in severe hypertension, a Grade III or IV retinopathy being present 
in seven of the nine cases. The associated ejection systolic murmur was not loud in these patients 
and was never more than Grade II. 

The early diastolic murmur in hypertension sometimes has clinical features that differ from 
the usual murmur of organic aortic regurgitation. It is usually a short crescendo-decrescendo 
murmur (Fig. 6) and may be of lower pitch than the organic murmur. It is often best heard at the 
apex; in all the nine patients of this series the murmur was audible at the apex and in only two was 
it also present at the base. We also noted variation in the duration and intensity of the murmur 
and in one instance it disappeared altogether after treatment with hypotensive drugs. 

The First Heart Sound. The major components of the first heart sound, which are probably 
due to mitral and tricuspid valve closure (Leatham, 1954; Reinhold and Rudhe, 1957), were delayed 
in this series of hypertensive patients. As measured on low-frequency phonocardiograms in 50 
cases in which there was no evidence of valvular disease, the interval between the onset of the 
QRS complex and the first major component of the first sound varied between 0-04 and 0-08 sec. 
with an average of 0-065 sec. The equivalent measurements in 25 normal subjects were 0-03 to 
0-06 sec. with an average of 0-045 sec. Leonard et al. (1958) found a similar delay in the major 
components of the first heart sound in a study of 18 cases of atrial gallop rhythm, 17 of whom had 
hypertension. This delay in the first sound is one of the factors that facilitates the audibility of 
the atrial sound. 

The intensity of the first sound varies with the timing of the atrial sound, this being independent 
of any change in the P-R interval or heart rate. In the same patient under standard conditions 
the major components of the first sound are louder when immediately preceded by an atrial vibra- 
tion than they are when the atrial sound occurs early (Kincaid-Smith and Barlow, 1959 b). 

The common clinical impression of “splitting” of the first heart sound in hypertension is often 
the result of a loud atrial component of the first sound. We have shown that this atrial component 
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differs from the atrial sound only in its time relationship to the QRS complex (Kincaid-Smith ar | 


Barlow, 1959 a). On auscultation the atrial component of the first sound has the same dull lo 
pitched character as the atrial sound and can usually be distinguished from the type of split fii 
sound due to asynchronous mitral and tricuspid valve closure, in which both elements are hi 
pitched. 

The Second Heart Sound. The intensity of the aortic component of the second heart sound 
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usually increased in hypertension (Janeway, 1913; White, 1944; Fishberg, 1954; Friedberg, 195 ; 


Evans, 1957; Wood, 1958). On clinical assessment in this series the intensity was thought to 


normal in 19 per cent, moderately increased in 59 per cent, and much increased in 22 per cei . 
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Fic. 6.—Short crescendo-decrescendo early diastolic murmur recorded in a patient with 
severe hypertension. M.F.=Medium Frequency. 


DISCUSSION 


The Atrial Sound. The incidence of an atrial sound, at least 50 per cent and probably about 70 per cent, 


in our series is considerably higher than the 23 per cent recorded by Miles (1951). The severity of the hyp 
tension in our group and the manceuvre of turning the patient on to the left side probably largely accou: 


for this difference. However, the difficulty in differentiating between an atrial sound and “‘split”’ first sou: 


(Wolferth and Margolies, 1933; Duchosal, 1935; Lian, 1948; Miles, 1951) makes a clinical assessment of 1 
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incidence unreliable. Furthermore, a movement of the atrial sound towards the first heart sound my 


take place in a few minutes under resting conditions, and thus the cadence change from one of a tri 
rhythm to that of a split first heart sound (Kincaid-Smith and Barlow, 1959 (2)). 

The length of the P-R interval will also influence the audibility of an atrial sound. In this series | 
average time of onset of the atrial sound after the beginning of the P wave (P-G interval) was 0°145 secoi 
In a patient with a P-R interval of, say, 0°20 second this would give the atrial sound a presystolic posit 


whereas in a patient with a P-R interval of 0°15 second the atrial sound would be closer to the first he © 


sound and the cadence would be similar to that of splitting of the first sound. 


Weitzmann (1955) did not observe an atrial sound in any patient in whom there was neither radiologi: \ 


nor electrocardiographic evidence of left ventricular hypertrophy. Of the 18 patients in our sel 


with radiological evidence of left ventricular enlargement but normal electrocardiograms, 12 had ati \ 
sounds. Outside this series we detected atrial sounds in two out of six hypertensive patients with norn : 
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electrocardiographic and radiological appearances. These findings are in keeping with Evans’ (1957) 
observation that an atrial sound may be present in hypertensive subjects with no evidence of left ventricular 
erlargement. 

The Third Heart Sound. Evans (1943), Miles (1951) and Harvey and Stapleton (1958) consider that a 
t!rd heart sound develops in hypertension as an accompaniment of right-sided failure. Excluding cases 
w ‘h recent heart failure or associated ischemic heart disease, however, we found third heart sounds in 17 
p cients over the age of 40 years. Eight of these had malignant hypertension, a condition in which we 
t. 1k a third sound is common even in the absence of obvious cardiac failure. The remaining nine patients 
t i no feature that distinguished them from the other patients in the series. 

Provided the patient is in sinus rhythm, however, and the P-R interval is not unusually short, it is our 
erience that an atrial sound invariably develops before a third heart sound in hypertension. This pre- 
1ably does not always apply in patients under the age of 40 where a physiological third heart sound may 
resent alone. But we did not see an example of this in the present series as the seven patients under 
age of forty with third heart sounds all had an accompanying atrial sound and consequently a quadruple 
hm. 

Systolic and Mid-Diastolic Murmurs. Our observations on approximately 400 hypertensive patients do 
n confirm the view (White, 1944; Fishberg, 1954; Friedberg, 1956; Levine, 1958) that functional mitral 
re irgitation is a common cause of an apical systolic murmur in hypertension. We have seen only one 
p ‘ent in whom functional mitral regurgitation seemed likely (Table I). A functional mid-diastolic mur- 
mr is also rare in our experience and we have seen this in only three instances. We believe that when an 
cal regurgitant systolic murmur or mid-diastolic murmur is present in a hypertensive patient there is 
us ially organic disease of the mitral valve. Excluding cases of obvious rheumatic valvular disease, the 
cc nmonest lesion in our series was atherosclerosis with calcification and deformity of the posterior mitral 
Cusp. 

Seventy-one of our original 100 patients had ejection systolic murmurs and these presumably arose at the 
acrtic valve. Seven of these died and all but one (aged 54) had completely normal aortic valves at necropsy, 
suggesting that the ejection systolic murmur in hypertension is often functional. However, four of these 
patients were under the age of thirty-five and it is quite probable that in many older hypertensive patients the 
systolic murmur is associated with aortic valve sclerosis and calcification (Fishberg, 1954; Friedberg, 1956; 
Bruns and Van der Hauwaert, 1958). 

Early Diastolic Murmur. In contrast to murmurs produced at the mitral valve, those originating at the 
aortic valve in hypertension are often not associated with any organic disease of the valve. We encountered 
the early diastolic murmur of aortic regurgitation in 9 patients, and in the 3 who died necropsy showed 
normal aortic valves. This suggests that the regurgitation was due to a dilated aortic ring and is in agree- 
ment with Garvin’s (1940) report of 14 patients with “‘relative’’ aortic regurgitation in a study of 200 
consecutive cases of hypertension at autopsy. 
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SUMMARY 


A clinical and phonocardiographic study was performed in a hundred consecutive hypertensive 
patients with average casual blood pressure readings exceeding 180/100 mm. Hg. 

An atrial sound was present in at least 50 per cent and probably about 70 per cent of the series. 
Spontaneous variations in the timing of the atrial sound made it impossible to give an accurate 
assessment of its incidence. The difficulty in differentiating between a “late” atrial sound and a 
“split” first heart sound is discussed. The atrial sound was palpable in 38 patients, in only one of 
whom was it not audible also. 

A third heart sound was present in 34 patients. Provided the patient was in sinus rhythm and 
the P—R interval not unduly short, it was our experience that the atrial sound invariably developed 
before the third heart sound. Hypertensive patients under the age of forty might have a physio- 
logical third sound. 

An ejection systolic murmur was present in 71 patients. Seven of these died and the aortic 
valves were normal at necropsy in six. 

A regurgitant systolic murmur was present in only two patients. In a total of about 400 patients 
we heard apical regurgitant systolic murmurs in nine, eight of whom were suspected or shown to 
have organic mitral regurgitation. Functional mitral regurgitation was considered the cause of 
the systolic murmur in only one instance. 
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A functional mid-diastolic apical murmur was encountered in only three instances in observatio: ; 

Excluding rheumatic valvular disease, the commonest cause of murmurs originating at ti > 
mitral valve in hypertension was atherosclerosis and calcification of the posterior mitral cus} 
Three of these died and had normal aort > 


The onset of the major components of the first heart sound was delayed in the 50 hypertensi ¢ 
patients in whom this measurement was made on phonocardiograms and compared with 25 norm | 


On clinical assessment the aortic component of the second sound was thought to be louder the 1 
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The changes produced by hypothermia on the cardiac rate and rhythm have been well docu- 
nted in the normal (Emslie-Smith, 1956) and abnormal heart (Hicks et al., 1956; Graham, 1957). 
e observations recorded have in the main dealt with normal sinus rhythm although reference has 
‘n made to the effects of cooling on atrial fibrillation (Fleming and Muir, 1957). The changes 
this and other arrhythmias have become better known within the past few years as experience 
h hypothermia has widened. This paper reports the effects of surface hypothermia on four 
ferent types of cardiac arrhythmias that were present before hypothermia was induced. 
Amongst the first 150 patients operated on for different types of heart disease under hypothermia 
ai the Middlesex Hospital, there were 13 with atrial fibrillation, 2 with atrial flutter, 2 with atrio- 
vcntricular dissociation, and 1 with multiple ectopic ventricular beats. The immersion technique 
for hypothermia (Sellick, 1957) was used, the temperature aimed at being 30° C. although in some 
cases it fell to 29°C. Lead II of the electrocardiogram was recorded at each 1° C. fall in ceso- 
phageal temperature or more frequently if the need arose. A number of drugs were used routinely 
for pre-medication or anesthesia, namely promethazine, pethedine, scopolamine, thiopentone, 
succinyl-choline, tubocurarine, nitrous oxide, oxygen, and ether, but it is almost certain that these 
drugs had little if any influence on the rhythm changes to be described, which were thought to be 
exclusively the effects of hypothermia. 


Oc “rw 


ATRIAL FIBRILLATION 


Observations were made on 13 patients with established atrial fibrillation: all had atrial septal 
defects and 7 had mitral stenosis in addition. The majority were over 40 years of age: 7 were in 
the fifth decade, 3 in the sixth, and the remaining 3 under 40. The earliest changes were slowing 
of the atrial fibrillation rate and of the ventricular rate, these occurring after 1°-3° C. fall in tempera- 
ture. The degree of slowing with falling temperature is shown in Fig. 1. 

The ventricular rhythm became precisely regular after 1°-3° C. fall in 9 of the 13 patients, the 
atria continuing to fibrillate: Fig. 2 illustrates a typical instance. The QRS shape remained 
unchanged between the temperature range of 37°-35° C. Below 31°C., the QRS complex often 
became wide or notched and changed shape as shown in Fig. 3. 

Atrial fibrillation, which had been established for at least two years, was temporarily abolished 
and sinus or nodal rhythm restored in three patients. The temperatures at which this occurred 
were 30-2°C., 30:4°C. and 31-7°C., before the atrium was opened. Sinus or nodal rhythm 
remained for only a few minutes in two of these and for 28 minutes in the third before atrial fibrilla- 
tion returned (Fig. 4). Established atrial fibrillation was not a predisposing cause of ventricular 
fibrillation in the temperature range 37°-30° C. Ventricular fibrillation occurred in two cases 
during or after circulatory occlusion, but air bubbles were seen in a coronary artery in each case, 
a well-known exciting cause of ventricular fibrillation. 
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Fic. 1.—Atrial fibrillation: effect of hypothermia on atrial and ventricular rates. 








et" be} 


36°C, RE-WARMING: IRREGULAR RHYTHM. —- 
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Fic. 2.—Atrial fibrillation. When the cesophageal temperature fell from 37° to 34:9° C., the ventri- 
cular rate slowed from 94 to 77 a minute and the rhythm became precisely regular. Irregular 
ventricular rhythm returned on re-warming. Lead II is recorded in this and all subsequent 
electrocardiograms. Time marking shown is the same in all illustrations, 0-2 and 0-04 sec. 





























HYPOTHERMIA AND ATRIAL FIBRILLATION 






































A. Fis. 


















-+ eee eee 


! 











ee oo = 
} 





a HB I Gs I ie 9 | 
be a ES te ee ee > ies Fa 
“bundle branch block" pattern, rate 34 pe 





Fe ies oss ae a HC a 

Pe es ae ee | | 

| Ptnnipaipisintains \ 
"bundle branch block pattern, rate 30 per 





Fic. 3.—Atrial fibrillation. At 306° C., QRS has become wide (0-14 sec.) and 
changed its shape, resembling the pattern of bundle-branch block. A few 
minutes later (lowest strip), the rate has fallen from 34 to 30 a minute, and 
the altered shape of QRS suggests a different ventricular pace-make or a 
spread of the conduction defect. 


During re-warming, the series of events described above occurred in roughly the reverse order 
io their appearance. 


OTHER ARRHYTHMIAS 


Atrial Flutter. Two patients were studied where atrial flutter had persisted since closure of 
an atrial septal defect 7 months and 9 months previously, despite all efforts to correct it, including 
full digitalization. In the first, a boy aged 11, the initial rhythm was atrial flutter with 2 to 1 block: 
within a minute of immersion in water at 9° C., and before the cesophageal temperature had fallen 
from 37-3° C., 1-to-1 conduction developed. Pronestyl (procaine amide) was given immediately 
and quickly produced atrioventricular block varying between 2-to-1 and 3-to-1. Sinus rhythm 
returned when the temperature was 31° C. (Fig. 5), before the right atrium was opened, and has 
remained up to the present time, a period of 15 months. 

In the second, a man aged 39, the defect had been completely repaired but atrial flutter persisted. 
Troublesome palpitation with a pulse rate of 120 to 140 occurred with effort or excitement despite 
full digitalization. All attempts to abolish the flutter having failed, hypothermia to 30° C. was 
induced in the hope that the experience with the previous patient would be repeated. The ventricu- 
lar rate slowed with alteration of A-V block from 2-to-1 to 3- or 4-to-1, and the flutter rate decreased 
but was not abolished at any stage of cooling or re-warming. Pronestyl and quinidine both failed 
to restore sinus rhythm. 

Atrio-ventricular Dissociation. Two examples of atrio-ventricular dissociation are shown in 
Fig. 6 and 7. Both were patients with atrial septal defect. Sinus rhythm returned in one, a girl 
aged 24 with an atrial septal defect, when the cesophageal temperature fell to 35° C., and in the other, 
a girl aged 13 with pulmonary stenosis, immediately after immersion. 

Premature Beats. Multiple premature ventricular beats arising from at least two different foci 
were a feature of the rhythm of a man, aged 47, with severe pulmonary stenosis: they were improved 
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Fic. 4.—Atrial fibrillation at normal body temperature. 
When the cesophageal temperature fell to 36°C. 
after immersion, the ventricular rhythm became 
precisely regular while the atria continued to fibril- 
late. At 31-9°C., nodal rhythm appeared followed atrium was incised. 
by sinus rhythm, which persisted for 28 minutes. 

Atrial fibrillation returned on re-warming. 
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Fic. 6.—Atrio-ventricular dissociation at normal body temperature. The complex marked X is an example of 
interference with aberrant ventricular conduction. When the cesophageal temperature fell to 35°C., 
sinus rhythm appeared. 
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Fic. 7.—Atrio-ventricular dissociation. Normal conduction was restored on immersion before the cesophageal 
temperature had fallen. An interference beat is marked X. 





Fic. 5.—Atrial flutter with 2-1 block. Normal sinus 
rhythm returned abruptly at 31° C. before the right 
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ut not abolished by digitalis and quinidine. When hypothermia was induced for pulmonary 
alvotomy, the ectopic beats disappeared when the temperature fell from 37-8° to 36° C. and did not 
appear after operation when the normal body temperature returned (Fig. 8). 












































Fic. 8.—Multiple premature (ectopic) ventricular beats disappearing when the 
temperature fell from 37-8° to 36° C. 


DISCUSSION 


The effect of hypothermia on cardiac arrhythmias has been given little attention. The reason 
is that patients with arrhythmias, and particularly atrial fibrillation, are seldom candidates for 
surgical treatment under hypothermia. Atrial septal defect is the only condition amenable to this 
type of surgery in which atrial fibrillation is relatively common. When mitral stenosis is also 
present (Lutembacher’s syndrome), the incidence is comparatively high: 7 of the 13 patients in the 
present series with atrial septal defect and established atrial fibrillation had also mitral stenosis. 
Four patients with atrial fibrillation were included in the 25 studied electrocardiographically by 
Fleming and Muir (1957), but beyond stating that those who developed atrial fibrillation during 
hypothermia tolerated the procedure well, these authors do not dwell on the subject. 

A consistency in the behaviour of the cardiac rhythm as the body temperature fell was apparent 
in all the patients with atrial fibrillation. The ventricular rhythm became precisely regular between 
37° and 35° C. in 9 of the 13 patients, the atria continuing to fibrillate. The regularity appeared in 
one instance immediately on immersion, before any temperature fall was recorded. Another 
became regular after a fall of 0-5° C.: the ventricular rate continued to slow as the temperature was 
lowered. The configuration of QRS remained unchanged, suggesting that the ventricular pace- 
maker was above the bifurcation of the bundle of His. When the rate fell to 25 to 35 a minute, 
sometimes QRS became wide and notched resembling the pattern of bundle-branch block, a change 
that may also occur when the initial rhythm is sinus. It suggests that either the pacemaker had 
descended into one or other branch of the bundle of His or a further degree of disturbance of 
conduction now involved a bundle branch (Schott, 1959). Such a pattern is shown in Fig. 3. It 
was most commonly recorded when the circulation was occluded and in those circumstances prob- 
ably represents the added effects of anoxia. With re-warming, the ventricular rate gradually 
increased and the QRS resumed its original shape. The rhythm became irregular again at tempera- 
tures that varied from case to case, usually 35°-36° C. Atropine increased the rate and restored 
irregularity immediately (Fig. 9). While the explanation of these phenomena is not clear, cold 
seems to induce a block that insulates the atrio-ventricular node and junctional tissues from atrial 
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Fic. 9.—The effect of atropine on atrial fibrillation with regular ventricular rhythm during hypothermia. 
Atropine immediately doubled the ventricular rate and the rhythm became irregular. A second figure 
showing just the same effect has been omitted. 


stimuli. The instantaneous effect of atropine suggests that it is a chemical block mediated by 
acetylcholine or a similar substance. 

One-to-one conduction appeared instantly when a boy with atrial flutter and 2-to-1 block was 
immersed in cold water. Digitalis had already failed to revert the rhythm but the usual mainten- 
ance dose had been continued. Pronestyl promptly produced atrio-ventricular block. Both 
atrial and ventricular rates fell as usual with cooling and sinus rhythm occurred at 31° C. 

There are reasonable theoretical grounds for explaining the reversion of atrial fibrillation and 
flutter to sinus rhythm by hypothermia. Ventricular fibrillation induced in the isolated rabbit 
heart perfused with Ringer’s solution at 37° C. reverts to sinus rhythm at 32° C. and passes into 
fibrillation again as the temperature rises (Burn and Goodford, 1957). Similarly, atrial fibrillation 
in the isolated atria in Ringer’s solution at 37° C. is arrested by cooling to 32° C. (Burn, 1958). 
Any factor that prolongs the refractory period of atrial muscle will tend to abolish these abnormal 
rhythms. Cooling has been shown to lengthen the duration of the action potential in cat papillary 
muscle (Trautwein and Dudel, 1954) and in atrial muscle (Marshall, 1957), and it is almost certain 
that the human atrium behaves in the same way. Other factors may contribute, such as alteration 
in vagal tone and reduction in acetylcholine formation in atrial muscle. It is clear that cooling the 
heart muscle brings into play a number of influences acting on the atrial rate and rhythm and that 
under certain circumstances, reproduced by chance in the course of these observations, the anti- 
fibrillatory action may become temporarily dominant and restore normal atrial conduction. When 
pronestyl was used, it may have helped in abolishing flutter by virtue of its effect in prolonging the 
refractory period of atrial muscle. Although this effect is less pronounced than on ventricular 
muscle at normal body temperature—a fact well-recognized in the clinical use of the drug—its anti- 
fibrillatory action may have been enhanced in the course of these observations since lowering the 
body temperature potentiates the action of many drugs in warm-blooded animals (Fuhrman, 194°; 
Haeger et al., 1957). 

Hypothermia is not a consistent method of abolishing atrial fibrillation or flutter, and move 
experience is needed to find out whether the technique has any therapeutic possibilities. 

Atrio-ventricular (A-V) dissociation in two patients gave way to sinus rhythm on immersion 1 
cold water, before the cesophageal temperature had fallen from 37° C. in one case and after a fall 
2° C. in the other: neither had digitalis or quinidine beforehand. The current concept of A- / 
dissociation implies two pacemakers, one usually in the sinu-atrial node for the atria, and the oth 
for the ventricles in the A-V node. Although impulses are formed slightly more rapidly in tl 
A-V node, as in the two present cases, the atria do not respond to them because of the existence of 
unidirectional atrial block. Sometimes a sinus impulse reaches the A-V node and junctional tissu s 
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‘ter its refractory period and activates the node and the ventricle (interference beats, Fig. 6 and 7). 


\!ypothermia restores conduction of the sinus impulses presumably by a greater depression of the 


V node and junctional tissues than the sinu-atrial node, so that now, each of the sinus impulses 
aches the A-V node and junctional tissues after its refractory period and succeeds in activating it. 

Premature beats, atrial and ventricular, often develop in the course of hypothermia (Johannson 
al., 1956). For this reason, a man aged 47, with severe pulmonary stenosis and multiple ventricu- 
- premature beats which resisted all the established lines of therapy, was considered to be a risky 
ndidate for hypothermia: yet the premature beats were abolished a few minutes after immersion. 
suggested explanation is that the lowered temperature suppressed an ectopic ventricular focus, 
alternately that the action potential of the ventricular muscle was lengthened by the lowered 
nperature and the ectopic stimulus acted when the muscle was still refractory. Burn (1959) con- 
ives this situation as a lessening of the energy demand of the muscle by cooling, so that the avail- 
le energy is better able to maintain normal function and to prevent the occurrence of premature 
ats. 


SUMMARY 


Observations were made on four different types of cardiac arrhythmias present in persons under- 
ing hypothermia (immersion technique: 37°-30° C.) prior to cardiac surgery. 
Hypothermia produced the following changes in atrial fibrillation: slowing of the atrial and 
ntricular rates, and development of a precisely regular ventricular rate while the atria continued 
|» fibrillate; and occasionally when the ventricular rate was slow, QRS complexes became wide and 
|.otched, suggesting an increasing degree of block in the conducting system or displacement of the 
icemaker to one or other branch of the bundle of His or into a ventricle. Nodal or sinus rhythm 
was temporarily restored in 3 out of 13 patients with long-standing atrial fibrillation. Atrial 
fibrillation did not seem to predispose to ventricular fibrillation. Hypothermia restored sinus 
rhythm to one patient with atrial flutter, but failed to do so in another. 
Atrio-ventricular dissociation with interference was abolished in two patients by slight lowering 
of the esophageal temperature. 
Multiple ventricular ectopic beats in one patient disappeared promptly on lowering the tempera- 
ture a few degrees. 


I am grateful to my colleagues in the Departments of Thoracic Surgery, Anesthetics, and Cardiology and to 
Mr. E. Bridger who recorded the electrocardiograms. 
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Considerable hemodynamic changes occur when venous tourniquets are applied to the extremi- 
ties in man. As much as 890 ml. of blood may be trapped in ten minutes (Ebert and Stead, 1940) 
and the cardiac output falis (McMichael and Sharpey Shafer, 1944; Warren et al., 1945; Fitzhugh 
et al., 1953), and pressure is reduced in the jugular vein (Warren and Stead, 1943), right atrium, 
and pulmonary artery (Estes and McWhorter, 1949; Doyle et a/., 1951). In the limb not subjected 
to venous occlusion arteriolar narrowing and a reduction in venous pressure precede venoconstric- 
tion (Wood and Eckstein, 1958). The rise in right atrial temperature is consistent with a diminished 
return of relatively cool blood from the periphery (Carlsten and Grimby, 1958). Renal plasma 


flow and glomerular filtration rate are reduced (Fitzhugh et al., 1953). The third heart sound of 


rapid early diastolic left-ventricular filling may be abolished in normal subjects (Sloan and Wishart, 
1953) and in patients with severe heart disease (Leonard et al., 1958a). In hypertensive cardio- 
vascular disease the atrial gallop becomes smaller in amplitude and moves closer to the first heart 
sound (Leonard et al., 1958b). 

The changes in pressure that occur in the left side of the heart as a result of peripheral venous 
pooling in man have not so far been described. The purpose of this communication is to describe 
the changes in left atrial pressure that may occur when venous tourniquets are applied to the thighs 
of patients with mitral valve disease, and to discuss their significance in relation to the diagnostic 
use of left atrial pressure pulses. 


MATERIAL AND METHODS 


In 16 patients suffering from rheumatic heart disease, left atrial pressure pulses were recorded before and 
after the application of venous tourniquets to the legs. The diagnosis of the cardiac condition was made 
from consideration of clinical, cardiographic, and radiological data, and from the results of left heart catheter 
ization and, where operation was performed, from the findings at cardiotomy. Ten patients were con- 
sidered to have pure mitral stenosis, and in one of these aortic valve disease was also present. Two patients 
suffered from mitral stenosis and regurgitation, and in one of these the aortic and tricuspid valves wer: 
diseased. Mitral regurgitation was dominant in the remaining four patients. Congestive heart failure ha:' 
not occurred in any patient within three months of the present investigation. 

All patients were studied in the fasting state after premedication with omnopon 20 mg. and scopolamin 
0-4 mg., or with demerol, 50 to 75 mg., and nembutal 100 mg. To catheterize the left atrium the metho 
described by Ross (1959) was used in one case, the method of Morrow et al. (1957b) in two, and the metho 
of Allison and Linden (1955) in the remainder. Care was taken to exclude damping artefacts from a 
bubble and blood clot. Square wave pressure pulses were applied to the recording system before and afte 
catheterization as a check against such artefacts. All pressures were measured during an expiratory paus 
to avoid respiratory distortion of the base line. 

As soon as the patient appeared to be relaxed a control left atrial pressure pulse was recorded, and the 
broad pneumatic tourniquets previously placed around the upper thighs were rapidly inflated to a pressur 
of 80-85 mm. Hg. After a period varying from 2} to 6 minutes the left atrial pressure was measured agair 
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The mean atrial pressure was obtained by planimetry. The pressure at the apex of the v wave and at 


‘he z point was noted. The ratios of pressure at the v apex to the mean pressure (Connolly and Wood, 


)57) and to the pressure at z were calculated. The rate of y descent related to the pressure at v (Ry/v) 


. )wen and Wood, 1955); and the rate of y descent during the first tenth of a second related to the mean 


i -essure (Ry 0-1/mean) (Morrow et al., 1957a) were calculated. In every case the results presented are the 
2an of values obtained from three consecutive heart-cycles. Heart rates were obtained from the electro- 
rdiogram. 


RESULTS 


The table records the age, sex, diagnosis, and heart rhythm of the sixteen patients studied. 
e duration of venous pooling between measurements of atrial pressure is shown. Control 
‘an, v, and z pressures are listed, and the degree of alteration obtained after venous pooling is 
own as a percentage of the control value. Control values and percentage alteration after pooling 
> tabulated for the ratio of v peak to mean pressure; for the rate of y descent related to v peak 
sssure (Owen and Wood, 1955); and for the rate of descent during the first tenth of a second of 
related to the mean atrial pressure (Morrow et al., 1957a). Illustrative left atrial pressure pulses 
™m Cases 2, 5, 7, and 9 are shown in Fig. 1. 
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Fic. 1.—Examples of left atrial pressure pulses, recorded before and 
after peripheral venous pooling by tourniquet. Scale: mm. Hg. 
Paper speed 50 mm/sec. Zero level=sternal angle. 


Pulse Rate and Heart Rhythm. Twelve patients showed a decrease in pulse rate during the 
period of pooling, and four an increase. In thirteen the alteration in pulse rate was less than 10 
per cent of the control value. The presence of atrial fibrillation appeared to make no difference 
to the effect of pooling on the left atrial pressure pulse. 

Left Atrial Mean Pressure. Values ranging from 5 to 32 mm. Hg were obtained before venous 
pooling began. With one exception a fall in mean pressure occurred after the application of 
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tourniquets. The decrease measured 40 per cent or more of the control value in three patients an | 
20 per cent or more in nine. The average decrease was 25 per cent. 

Pressure at the Apex of the v Wave. Control values ranged from 7 to 46 mm. Hg. After tl : 
application of tourniquets the pressure at the apex of v fell in every case. The smallest reductic 
measured 16 per cent of the control value, the greatest 43 per cent. The average fall in v pez : 
pressure was 27 per cent. 

Pressure at the z Point. A reduction was obtained in every case but one. Control valu: ; 
ranged from 9 to 29 mm. Hg. The minimum, maximum, and average falls obtained after poolir 
were 6, 34, and 16 per cent of the control value respectively. 

Ratio of v Peak to z Point Pressure. The lowest control value obtained was 0-7 and the highe ; 
5-3. After pooling, the ratio did not alter in two cases, and increased by | per cent in anothe . 
In the remaining thirteen cases decreases ranged from | to 36 per cent of the control values, th: 
average being 18 per cent. 

Ratio of v Peak to Mean Left Atrial Pressure. In eleven cases this ratio decreased by 12 per cer: 
or less, and in one case by 33 per cent. No alteration was obtained in one patient, and in 3 a: 
increase occurred. 

Rate of y Descent Measured Throughout Diastole and Related to v Peak Pressure (Ry/v). In th 
ten patients with mitral stenosis control values fell within the limits 1-0 to 2-8. Ry/v measured 1-00 
and 1-04 in the two patients with mitral stenosis and regurgitation. In Cases 13 to 16 with predomin- 
ant mitral regurgitation the values for Ry/v were 0-5, 0-5, 3-9, and 2:3. 

Large and unpredictable alterations occurred after the application of tourniquets. In one 
case Ry/v increased by 42 per cent, and in another by 12 per cent. In one there was no change. 
In the remainder the average fall in Ry/v was 26 per cent of the control value (range 2°%% to 64%). 

Rate of y Descent During the First Tenth of a Second Related to Mean Atrial Pressure (Ry 0-1 
sec/M). Control values fell within the limits 0-13 to 0-75 in patients with pure mitral stenosis and 
between 0-4 and 1-54 in cases of dominant regurgitation. After venous pooling Ry 0-1/sec/M 
increased by 27 per cent in one patient, and decreased in the remainder by amounts ranging from 
6 to 65 per cent of the control value. The average reduction was 23 per cent. 


DISCUSSION 


The form of the left atrial pressure pulse as a whole is dependent upon numerous factors: the 
volume-elasticity characteristics of the chamber, the pressure exerted by surrounding structures, 
blood volume and flow rate and viscosity, heart rate, left ventricular end-diastolic pressure, and the 
functional state of the mitral valve. The form of the v wave in particular is a measure of the rise 
of pressure occurring in the atrium during the period of mitral valve closure. If other factors 
remained constant the pressure at v would depend upon flow into the atrium, whether the flow 
came from the pulmonary veins or from the left ventricle through an incompetent mitral valve. 

In the present study it was possible to reduce the flow of blood from the pulmonary veins into 
the left atrium without altering the anatomical state of the mitral valve in a series of patients suffering 
from mitral stenosis and/or regurgitation. The reduction in the height of the v wave that fol- 
lowed this procedure was relatively greater than the fall in pressure at z. The y descent became less 
steep, whether it was measured for its full length and related to the pressure at v, or measured fo” 
the first tenth of a second and related to left atrial mean pressure. 

Personal experience and published reports have suggested that various combinations of mitra 
stenosis and regurgitation may be associated with similar left atrial pressure pulses (Connolly an 
Wood, 1957; Morrow et al., 1957; Rubin and Shah, 1958; Hamer et a/., 1959). The present stud 
shows that a variety of pressure pulses may occur in a given patient without any alteration in th 
structure of the diseased mitral valve. The observed reduction in the height of the v wave an 
slope of the y descent that followed reduction in the flow of circulating blood supports the sug 
gestion that acceleration and viscous friction are important factors in the formation of a pressur 
pulse from pulsatile flow in an elastic vessel (Hamer ef a/., 1959; Peterson, 1954). 
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The fact that left atrial mean, v and z pressures, and the rate of y descent may alter greatly 
th variations in blood flow must be taken into account when it is intended to use the pressure pulse 
a parameter in the study of mitral valve disease. For example, the observation of a relatively 
sher v wave and a steeper y descent after mitral valvotomy may mean only that the cardiac 
tput has increased, and may not signify the production of regurgitation by operation. 

It is worthwhile to note that the ratio of v peak pressure to left atrial mean pressure remained 
atively constant during venous pooling. Possibly changes in this ratio will prove to be the best 
de to alterations in mitral valve function in a particular patient. It should be emphasized that 
; suggestion has no bearing on the value of the ratio in diagnosing mitral regurgitation, for in 

present series three patients with gross regurgitation had smaller ratios than those obtained in 
ne patients with pure mitral stenosis. 

In clinical practice venous tourniquets may be applied to the limbs in the treatment of patients 
fering from acute pulmonary venous congestion (Hayward, 1955). The present study offers 
ne indication of the extent to which left atrial pressure may be reduced by short periods of peri- 
eral venous pooling in patients with mitral valve disease. 



































TABLE 
RESULTS OBTAINED IN 16 PATIENTS WITH MITRAL DISEASE 
| | | 
| Heart lo | Pressure Pressure | Pressure | v/mean | Ry/v Ry (0-1)/ 
rate (2 3! mean at apex of v | at z mean 
2 | (per min.) | § 3 | | | | 
2 o 6 |e | 
5/2] 8) le lel a.icl SelclSal c/s o tel a oe 
a|e|/ ees 2/28) 2 | 28/8/28) & | 28) & | 28) = | 28 
5 | 82 (88|8| 82) 5 | 82 5/82) 8 Bs 6 |88| § | Bs 
p je Pope jee ye | rie ie 7 ie 1 oe 
| | | | 
1 /45{Ms | 83! -8| S| 5/424) 7 |-17 | 9] 0] 14 | -33/ 28 | -53|07 | —65 
2,|20|MS | 67} —4| 5] 12] —42|20 | —42 | 19] —34| 1-7 | (0| 1-53 | +12] 06 | +27 
3. | 40 | MS | 95| 53 6 | 12 | —15 | 11 | —16 | 17| -17/ 09 | —2| 12 | —22 | 0-13 | —43 
4.| 39 | MS | 83) —14| 6 | 14] —45| 18 | —32 | 13 | —31 | 1-23 | +23 | 23. | —21| 0-75 | —7 
5.| 43 |MS |117/ +5] 4| 16] —24| 23 | —32 | 12 | —21 | 1-42 | —11 | 1:85 | —64 | 0-47 | —11 
6. | 37|MS | 59} —2| 3|17| —28 | 24-5| —26 | 24 —18| 1-45 | +42] 1-12 | —17| 0-51 | —19 
7.|49|MS | 83} —2| 5|21| —23|33 | —27 | 20 | —15 | 1-57 | —6| 1-96 | —18 | 0-55 | —27 
8.| 33 | MS | 68| —25| 6 | 24 | —40 | 32-5} —43 | 12] —12| 1:38] —4| 1 —48 | 03 | —54 
9.| 33 |MS |111} —6| 4| 24) -13| 28 | -—16 | 28) —7)| 1-14 | —2 | 1:96 | —10 0:3 —6 
10. | 35 | MS |127, —2 | 2:5} 26 | —33 | 28 | —31 |-25 | —22| 1-08 | +3 | 1:57 | —12| 019 | —9 
11. | 30|MR| 67| —2] 3 | 21 | —19 | 28 | —28 | 23 | —12 | 1:33 | —11 | 1:06 | —19 | 0-29 | —21 
12. 40|MR| 92) +27| 4| 29| -17| 42 | —23 | 24| —24| 1-44 | “7 | 114 | 442 0-44 | -2 
13.|52|MR/125; 0] 5 | 11 | —24 | 12 | —30 | 17| —10} 1:12 | —7| 05 | —37| 0-73 | —29 
14. | 42 |MR| 136] +5/| 3 | 20/ -18 | 43 | —28 | 8] 6 | 215 | —12| 05 | —2] 1-54 | —10 
15. | 36|MR|154| —2| 5|23| —20/ 36 | —28 | 15| —17| 1-56 |} 10} 39 | 0/08 | —33 
16. | 50 | MR | 102! 4) 3) %) —8| 46 | -10 | 29| —11 | 144 | -—3| 23 | -14| 0-4 —6 
| | | | |  _ | 











All measurements are in mm. Hg: 


Sex: All women, except Case 6. 

Heart rhythm: Sinus rhythm in Cases 1, 2, 3, 4, 6, 7, 10, 11, 13, and 16; atrial fibrillation in the remainder. 

Diagnosis: In Cases 1 to 10 the mitral valve lesion was stenotic: trivial aortic stenosis was present in Case 7. 
Cases 11 and 12 had slight mitral regurgitation: and Case 12 had also aortic and tricuspid regurgitation. 
Mitral regurgitation was the sole lesion in Cases 13 to 16. 


SUMMARY 


Venous tourniquets were applied to the legs of sixteen patients with mitral valve disease. Peri- 
pheral venous pooling reduced left atrial mean pressure, and altered the contour of the pressure 
pulse. The pressure at v was lowered by a relatively greater amount than the pressure at z; and 
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the rate of y descent became less steep. These changes were attributed to a reduction in the fi 
of blood through the atrium. 
The possible diagnostic and therapeutic implications of the study are discussed. 


This work was begun in the General Infirmary at Leeds, England, and completed in the Clinic of Surgery, Natic 
Heart Institute, Bethesda, Md., U.S.A. The author wishes to express his gratitude to Mr. G. H. Wooler for mak 


the whole study possible; and to thank Mr. G. H. Wooler, Mr. K. Lawrance, Mr. J. Shoesmith, and Dr. L. R. R: |i- 


gan for their expert bronchoscopies in Leeds. — ; ; ' 
Several of the left atrial pressure pulse studies were made in the National Heart Institute; and the author is dec 
grateful to the Director for the opportunity afforded him to work as Guest Scientist in the Clinic of Surgery; anc 


Dr. A. G. Morrow and Dr. E. Braunwald for their generous co-operation in the performance of left heart catheter 
tion. The technical assistance of Mr. S. E. Sieniewicz at the General Infirmary, Leeds, and of Mr. Frederick Bull : 


and his assistants at the National Heart Institute is gratefully acknowledged. 
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Most cases of pulmonary atresia have the general anatomical features of Fallot’s tetralogy with 
sia at or near the pulmonary valve instead of stenosis, but in one quarter of the necropsy cases 
ventricular septum is intact instead of having a defect (24°%%, Peacock, 1866, and Abbott, 1936). 

: general features, based on six cases with necropsy, have been discussed by Allanby et al. (1950): 

of these were of the common type and one of the less common type. Subsequent experience 

; made us think that the latter is even less common than this, since it was found in only one of our 

irteen necropsies, perhaps because our experience is with older children. 

The clinical features are like those of Fallot’s tetralogy. East and Barnard (1938) thought that 

» diagnosis should be made more often on clinical grounds, and Taussig (1947) emphasized the 

ud single (aortic) sound well-heard in the pulmonary area and the absence of a systolic murmur. 
ihe circulation to the lungs must come from the aorta through a persistent ductus or enlarged 
pronchial arteries, more often the latter. In about half the cases there is a continuous murmur from 
some of these vessels, but in the other half no such murmur is heard, perhaps because the circulation 
io the lungs is maintained by a large number of smaller arteries. 

The shadows in the lungs from the numerous bronchial arteries, seen both with ordinary radi- 
ology and even more clearly with angiocardiography, are the other main diagnostic feature: they 
have been described by Campbell and Gardner (1950). The absence of the hilar comma that 
represents a properly filled pulmonary artery (Fig. 1 and 2), often replaced by some unusual artery 
(Fig. 3), and the deep, rounded pulmonary bay, often with unusually sharp definition, indicate an 
anomalous pulmonary blood supply. Dense vascular shadows, high in the mediastinum, sometimes 
best seen below the aortic arch in the left anterior oblique position with angiocardiography, and 
nodular hilar structures with unusual branching in the lung fields are good evidence of hypertrophied 
bronchial arteries. 

The commoner form of pulmonary atresia has been considered as a variety of Fallot’s tetralogy. 
In a follow-up of patients after subclavian-pulmonary anastomosis (Campbell and Deuchar, 1953) 
we included 20 such cases: the high mortality and relatively poor results made us doubtful about 
the advisability, of operation, but a few results were so good that it can not be discarded. Taussig 
and Bauerfeld (1953) and White et a/. (1956) also found the results less good than those for Fallot’s 
tetralogy. 

The special problems involved in the surgical treatment of pulmonary atresia—the small thin- 
walled pulmonary artery that is often unsuitable for an anastomosis, and the importance of not 
dividing too many of the small collateral vessels that carry the main blood supply to the lungs— 
made us think that pulmonary atresia should be recognized as a separate entity and should not be 
included with Fallot’s tetralogy (Allanby ef a/., 1950). In amore recent follow-up of the results of 
operation for Fallot’s tetralogy (Campbell, 1958), we excluded them, so are considering them here. 


RESULTS OF OPERATION 


Of our patients with pulmonary atresia, 27 have had an operation, 20 of these in the years 
'948-51. In five this was no more than a thoracotomy for the pulmonary arteries proved unsuitable 
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Fic. 1—Teleradiogram of a boy with pulmonary atresia 


and a bronchial artery blood supply to the lungs. 
The nodular shadow seen in the left hilum is 
characteristic of a dilatation of the pulmonary 
artery where no blood supply is received from the 
pulmonary trunk but a bronchial artery is anasto- 
mosing with the pulmonary artery. A small pul- 
monary artery and some collateral arteries are seen 
in the right lung. Case 0833. 
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Fic. 2.—Teleradiogram from a girl thought to have pul- 


monary atresia and a right pulmonary artery 
supplied through a persistent ductus or other 
collateral artery. Both lungs, especially the left, 
are oligemic, but after a left-sided subclavian- 
pulmonary anastomosis, the left pulmonary artery, 
which can hardly be seen, became as prominent as 
that on the right. There is a right-sided aortic 
arch and probably bilateral superior vene cave. 











Eleven years after operation, she is still able to lead 
a normal life. Case 0096. 


for any anastomosis, and in four the anastomosis had to be end-to-end instead of end-to-side for 
the same reason. We have nothing to say about direct operation, for as a rule the atretic portion 
is of some length and would need major reconstructive surgery, which may become possible with 
open heart surgery. In very rare cases, the outflow tract is relatively normal aiid the atresia is of 
the valve alone and would be easy to improve at operation; but we have seen this condition only 
once at the valve at a necropsy and once at the infundibulum when it was recognized on angio- 
cardiography (see later). 

Operative Mortality. This is extremely high (37%) as 10 of the 27 patients died. The per- 
centage may be too high as all patients with pulmonary atresia who died must have been included, 
but some who did well may have been unrecognized and included as Fallot’s tetralogy. Since this 
was written, Dr. Deuchar has given me a good example. 


A boy, aged 5 (in 1948), was thought to have Fallot’s tetralogy and had a subclavian-pulmonary anast )- 
mosis: an artery entering the pulmonary artery was seen and was thought to be a persistent ductus ft it 
was more likely a large bronchial artery. He was greatly improved and maintained this for eight yea 3. 
He then began losing ground and was unable to earn a living. He was re-investigated ten years after t ¢ 
first operation and was found to have a localized pulmonary atresia, so a further operation was advise |. 
There was a diaphragmatic atresia in the infundibulum. This was opened but no attempt was made to clc ¢ 
the ventricular septal defect, and he was unable to stand the greatly increased blood flow to the lungs and di: 4 
later that day. 
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Fic. 3.—Angiocardiograms of a girl with pulmonary atresia and unusual collateral arteries. (A) At 4 seconds, 
showing most of the heart and the large aorta well-filled with diodone. There is little filling of the lung 
fields except for the unusual collateral arteries. (B) At 5 seconds, the right lung is now much better filled. 
There is less change in the left though there is now a doubtful shadow of a small left pulmonary artery, 
which was in fact found at operation. Case 0027. 


This great contrast with Fallot’s tetralogy in the operative mortality is, we think, because some 
of the many hypertrophied arteries carrying blood to the lungs are inevitably lost by division at 
operation, and the increased blood supply from the new anastomosis is not large enough to balance 
this and at the same time to improve the patient enough to carry him through the difficulties of the 
post-operative period. 

Patients who Died. In addition to the ten who died soon after operation, one died four years 
later and a second six years later. Of these 12 patients, 5 had continuous murmurs and 7 had 
not. Of the first five, one had a closed ventricular septum and a pulmonary blood supply through a 
large left-sided patent ductus (Case 1, Allanby e¢ a/., 1950). The other four were of the commoner 
type with a ventricular septal defect. The second had situs inversus and the blood supply to the 
lungs through a right-sided patent ductus. The third had a left-sided patent ductus, cor 
biloculare, and isolated levocardia (Campbell et a/., 1952). The fourth had a blood supply to the 
lungs through bronchial arteries and an anomalous artery from the aortic sinus (Case 6, Allanby 
et al., 1950). The fifth died six years after his operation from an infected pneumo-hydro-thorax. 
There was no pulmonary trunk and the aorta divided into two, each division giving off a large 
artery (? bronchial, ? ? pulmonary) to the lung of that side: the two divisions finally joined to form a 
normal descending aorta: it is still difficult to be sure if this was a case of pulmonary atresia or 
of persistent truncus arteriosus (0087). 

The blood supply to the lungs was through bronchial arteries in 6 of the 7 where no continuous 
murmur had been heard. This absence was surprising in some of these cases, as one or two of the 
bronchial arteries were quite large. One patient had a narrow and tortuous but patent ductus as 
well as two larger bronchial arteries (A 3812). Full notes of the seventh who obtained a very good 
result but died after four years, are given later (see p. 531). 

Patients who Did Not Benefit. There were another 7 (26°%%) who did not obtain any benefit, 
generally because it was found at thoracotomy that nothing could be done. Of the two who could 
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have an anastomosis but obtained little or no benefit, one had it between the subclavian and pu - 
monary arteries (0085); and the other, a girl aged 5 with a continuous murmur, had a Pot 
operation (0683). In one of the other three with a continuous murmur (0121) there were too mai 
collateral vessels to dissect out the pulmonary artery: in the other two (0222 and 0087) no pulmona , 
artery (or patent ductus) could be found, and in the second of these, the patient who died six ye: 
later,(see above) a large artery that appeared to come from a right-sided aortic arch descended rat! 
vertically to the right lung. In the sixth (0149) there was a large aorta on the left curving over 
descend on the right, and where the left pulmonary artery should have been a leash of small cc - 
lateral vessels and two larger bronchial arteries. The seventh (0272) was somewhat simil: - 
The exact diagnosis is still unproved but five at least seemed to be ordinary cases of pulmona y 
atresia, though in the last two it is more difficult to exclude truncus arteriosus. 

Good Results. Ten patients (37°%) were able to do much more after the operation, and general | 
the improvement has been maintained for from 6 to 11 years. In 6, a continuous murmur h:d 
been heard but in the other 4 it had not. In general, those with and those without continuois 
murmurs behaved in much the same way and had an equal share of the good and bad results. 

(a) Patients with a Continuous Murmur. In these 6, the results were very good in the first two, 
good in the third and fourth, and great improvement in the last two. All were thought to have 
pulmonary atresia and generally this was confirmed at operation: in the first and third the blood 
supply to the lungs was through a persistent ductus and in the other four it was thought to be 
through hypertrophied bronchial arteries (Fig. 1). The anastomosis had to be an end-to-end one 
in three patients, but all of them proved satisfactory. 
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The first, a girl aged 8, who was thought to have pulmonary atresia with a persistent ductus on the 
right (Fig. 2), obtained an excellent result. Instead of being an invalid who could walk 200 yards, she 
could soon lead a normal life, later working in a shop, and could walk four miles, including many of the 
Devonshire hills. Her colour was greatly improved and the hemoglobin percentage fell from 126 and 
remained between 104 and 110 per cent. Her heart, which had been small, increased soon after operation 
(c.t.r. 48 to 53) and then remained at this size. Her condition is still excellent after eleven years (0096). 

The second, a boy aged 5, had a subclavian anastomosis to a thin-walled pulmonary trunk and obtained 
an equally good result. He can walk two miles and even run a short distance, with a colour that is nearly 
normal, although he had been able to walk no more than 200 yards and often had retrosternal pain. His 
hemoglobin had fallen from 146 to 110 per cent and his heart became rather larger (c.t.r. 489% before and 
54% eight years later). He has maintained his improvement for eight years, though his kyphoscoliosis 
due to a hemi-vertebra has become worse and is needing treatment (H 130). 

The third, a girl aged 11, was thought to have pulmonary atresia with a patent ductus. After an end-to- 
end left subclavian-pulmonary anastomosis, leaving the right pulmonary artery supplied through the ductus, 
she could walk two miles on a warm day instead of 50 yards: the heart size had not increased (c.t.r. 53°%) 
and her hemoglobin was 124 instead of 141 per cent. After nine years she is much the same, able to lead 
a comfortable quiet life, but unable to earn her living or to do much in the winter (0525). 

The fourth, a girl aged 5, was greatly improved after an end-to-end subclavian-pulmonary anastomosis. 
Six years later, she could still walk a mile instead of a hundred yards: her hemoglobin had fallen from 148 
to 114 per cent and her heart was only a little larger (c.t.r. 57 to 58%) (0512). 

The fifth, a boy aged 7, was at once better in his colour and could walk half a mile instead of 200 yari's 
and get upstairs instead of being carried: his hemoglobin was 119 instead of 148 per cent and his heat 
hardly changed in size (c.t.r. 50 to 51%). Six years later, his improvement was maintained, but he w:s 
still very frail (0398). 

The sixth, a boy aged 11, was somewhat improved and could get about more easily but could not 
walk much further: his hemoglobin had fallen from 126 to 96 per cent, and his heart size increas: 4 
somewhat (c.t.r. 48 to 53%). Six years later he was about the same, but soon after he was admitt: 1 
to hospital for hemoptysis and was found to have tuberculosis of the lung, from which he has mac e 
a good recovery (0833; Fig. 1). 


(b) Patients without a Continuous Murmur. The results were very good in the first two and goc 1 
in the third and fourth. In all, the diagnosis of pulmonary atresia was supported by the findin; s 









pt - 
oti s 
nal y 
na y 
yea § 
ath or 
er oO 
cc - 
vile *. 
ma y 


ral y 
‘hed 
UOLS 


two, 
have 
slood 
to be 
1 one 


n the 
s, she 
of the 
6 and 
ration 


tained 
nearly 

His 
re and 
oliosis 


nd-to- 
uctus, 
53/,) 
o lead 


mosis. 
m 148 


72) 


) yare 
; hea 
1€ W 


Pr -7- 


Id n 
reas 
mitt: 
, mar 


ae ee 


“oo 


1 goc 1 


ndin; 5 








SURGICAL RESULTS IN PULMONARY ATRESIA 531 





operation, the blood supply to the lungs being through a large anomalous artery in the first (see 
Fig. 3) and through bronchial arteries in the other three. 


A girl, aged 10, was severely disabled but at right-sided thoracotomy in February 1948 no pulmonary 
ery could be found. In 1950, angiocardiography showed a curious artery on the right that encircled the 
im of the lung and appeared to come directly from the aorta. In 1953, she was rather worse and was 
st anxious that a second attempt should be made. At thoracotomy on the left side, clamping the pul- 
nary trunk caused no change, so Sir Russell Brock divided this and was then able to do an end-to-side 
)clavian-pulmonary anastomosis: the stoma produced, it was thought, might even prove to be too large. 
> result was excellent: her colour became normal (Hb 142 to 100°%) though slight cyanosis could still 
detected in the tongue; and she was able to work and lead a normal life without an undue increase in the 
> of her heart (c.t.r. 48 to 55%). She remained just as well for four years, till she was admitted to hos- 
r al with pyrexia and malaise: Staphylococcus aureus was grown on blood culture. She improved for a 
t .e with antibiotics, but then became drowsy with signs of a cerebral abscess, and died rather suddenly 
t ore anything else could be done. 

At necropsy, there was a small cerebral abscess in the cortex of the right frontal lobe. There was some 
c imbling infected thrombus at and beyond the site of the anastomosis, and several infarcts in the lungs 
a din the spleen. The diagnosis of pulmonary atresia was confirmed, but unfortunately the unusual 
@ ery was not dissected out: the pulmonary artery beyond the anastomosis was thin-walled and dilated 
(| 127). The cerebral abscess was thought to be a complication of her subacute bacterial endocarditis rather 
t: .n the type that is so common without endocarditis in cyanotic congenital heart disease (Campbell, 1957). 

The second patient, a boy aged 3, had a typical picture of pulmonary atresia but the artery beyond 
ws adequate for an anastomosis. The result was excellent and he was able to get about all day and walk 
a nile. His hemoglobin fell from 148 to 114 per cent (4 years) but had risen again to 131 per cent after 
ei ‘ht years and his heart has become smaller again (c.t.r. 51 to 53 to 48%) so that, although he is still as 
good clinically and has a loud continuous murmur, there is some doubt if the anastomosis is working as 
well as it had been (0638). [Another two years have passed without him losing any ground.] 

A boy, aged 8, who was very severely disabled, was able to do much more but his colour did not 
improve as much as usual, his hemoglobin averaged 136 instead of 149 per cent, and his heart was still 
small (c.t.r. 45 instead of 41%). After eight years his improvement was maintained, but there had been 
some recent hemoptysis, which proved not to be tuberculous. After ten years he is still at work (0447). 

A boy, aged 5, had adequate pulmonary arteries for a good end-to-end anastomosis and was greatly 
improved in capacity and in colour. He could walk a mile instead of 100 yards and his hemoglobin fell 
from 146 to 126 per cent without any undue increase in the size of the heart (c.t.r. 51 to 549%). He was just 
as well four years later (P 123). 


n—~=- —o 


SUMMARY AND CONCLUSIONS 


The results of surgical treatment in 27 patients with pulmonary atresia have been described. All 
the completed operations were anastomotic ones, but often no artery suitable for an anastomosis 
could be found. The operative mortality proved very high and more than one third of the patients 
died, sometimes we think because the increased flow provided by the anastomosis was balanced by 
the loss from the almost inevitable division of many collateral arteries. 


This high mortality might suggest that there is no place for this type of operation, but 15 per 
cent obtained extremely good results and another 22 per cent good results. On present experi- 
ence operation would seem justified only when the heart is not much enlarged and some pulmonary 
artery, however small, can be seen on radiography or angiocardiography (see Fig. 3B, left side). 

Generally the good results have been maintained for the six to eleven years that have elapsed. 
Only one of these patients has died, from a cerebral abscess following subacute bacterial endocar- 
ditis: one other has developed tuberculosis of the lung. So far the anastomotic channel has not 
closed in any of these patients, but it is unlikely that this hazard can be avoided for much longer, 
Since it is an important cause of relapse after operation for Fallot’s tetralogy. 

The present position cannot be regarded as satisfactory. Whether many patients will prove 
suitable for direct repair of the atresia at open operation is uncertain, but this possibility must be 
considered further. 
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The need for methods capable of detecting and estimating roughly the size of congenital cardiac 
cefects has increased with the recent rapid developments in cardiac surgery. The application of 
cye dilution technique to the study of these patients is largely due to the extensive work of Wood 
aad his colleagues at the Mayo Clinic since 1950. However, although the development of these 
techniques represents a most valuable addition to the methods available for investigation, they are 
perhaps more elaborate than is possible in many smaller centres engaged in the diagnosis of con- 
genital heart disease. 

Recording the passage of dye through the pinna of the transilluminated ear by a photoelectric 
cell and recording apparatus offers the advantage of simplicity, but has not found universal favour 
because of technical difficulties and lack of a suitable dye. With the development of high-stability 
electronic amplifiers and recorders and the introduction of Coomassie blue, we have found this 
method to be satisfactory for qualitative investigations. The purpose of our paper is to describe 
the results of this method used at the time of right heart catheterization in a series of patients 
with congenital heart disease, and to assess its value in clinical practice. 


MATERIAL AND METHODS 


Sixty-eight unselected patients with suspected congenital heart disease were studied at rest by 
means of right heart catheterization (Table I). Pressures were recorded by electromanometers 
and direct writing recorder. Arterial and venous blood samples were estimated for oxygen satu- 
ration by a modification of Gatman’s spectrophotometric technique (Wade et al., 1953) or, if the 
samples had been taken after injecting dye, they were estimated by the Haldane method. The ear 
oximeter was based on the design of Wood and Geraci (1949) and has been used in previous work 
from this laboratory (Korner and Shillingford, 1955; Taylor and Shillingford, 1959). 


The success of the technique depends to a large extent on the recording apparatus and the design of this 
has presented considerable difficulty owing to the very small changes in current in the photo-electric cell 
during the passage of the blue dye through the ear. We have used the Cambridge earpiece and chopper 
amplifier, feeding either into an Evershed and Vignole 0-1 m.a. recorder or a Cambridge recorder (Fig. 1). 
This combination gives the high amplification and stability necessary for this method of recording. Ampli- 
fiers and recorders used in electrocardiographic or pressure recording systems have proved quite unsuitable. 

The sensitivity of the amplification system was arranged to give a maximum deflection of 5—7 cm. at the 
peak of the dilution curve, the sensitivity chosen being the highest at which a stable base line could be obtained 
with the patient breathing room air. After recording pressures from a chamber of the heart, blood samples 
were taken for determination of blood oxygen saturation and the dye was then immediately injected as 
rapidly as possible. The site of the injection was checked by screening and manometry before and after 
the injection. The dose range of Coomassie blue was usually of the order of 0-5 to 1-0 mg. per Kg. body 
weight per injection and up to 10 injections of dye have been given without any untoward reactions. 

In some patients cardiac catheterization was followed by selective angiocardiography. In many 
the diagnosis was confirmed at operation. In some patients dye dilution curves were performed in the 
operating room immediately before and after surgical repair of the cardiac defect. 
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Fic. 1.—The earpiece and the recorder. 


THE NORMAL DyE DILUTION CURVE 


Fig. 2A shows a dye dilution curve obtained by this method from a patient without heart disease. 
The time from the injection to the beginning of the upstroke of the curve represents the passage 
of the dye from the site of injection through the circulation to the ear. Normally from the right 
atrium to the ear the time is approximately 10 sec. (Carter et a/., 1959). It varies with the length 
of passage of the dye, the volume of fluid through which it flows, and the cardiac output. The 
upstroke of the curve rises rapidly to the peak concentration and the downslope is exponential in 
form. The recirculation curve appears on the descending limb of the downslope, usually as it 
approaches the base line, and in some cases a second recirculation curve may be seen before complete 
mixing of the dye occurs and the final base line settles at a level above that of the initial base line. 
The difference of the levels represents the final concentration of dye in the blood. 

Left-to-Right Shunts. The effect of a left-to-right shunt on the form of the dye curve is shown 
in Fig. 2B. The appearance time is within normal limits or slightly shortened. The upstroke is 
rapid and the peak tends to be low because some dye is lost in pulmonary recirculation, and for the 
same reason the exponential fall off is replaced by a series of small curves due to pulmonary recir- 
culation. These may be of such a size as not to be seen individually although the overall effect ‘s 
to prolong the downslope. 

The higher the ratio of pulmonary to systemic blood flow, the lower the peak of the curve ai 
the slower the fall off. To obtain a satisfactory curve in cases with large shunts a larger injecti: 
dose is needed. 

A rough quantitative estimate of the size of the shunt can be obtained by the slowness of the f: 
off in proportion to the steepness of the upstroke (skewing). Fig. 3 shows the appearance of d 
curves with left-to-right shunts of various magnitudes. No attempt has been made to make 
more accurate quantitative estimate in this study. 

Right-to-Left Shunts. The distortion produced by a right-to-left shunt is illustrated in Fig. 2 . 
Dye bypassing the lungs arrives early at the ear so that the appearance time is short (3-5 sec 
Dye traversing the normal route via the pulmonary circulation arrives at the ear at the norn © 
time, so two peaks are inscribed. The magnitude of the first hump roughly reflects the amount 
blood shunting from right to left. The height of the normal second peak tends to be low due 
some dye having arrived earlier. 
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ccurately sited by serial injections. When the dye is injected in the chamber proximal to the shunt, 
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Unlike left-to-right shunts, which cannot be localized by this technique, right-to-left shunts are 


curves show the characteristic early appearance of dye. Beyond the shunt the dye curve is 


‘mal. 


Bidirectional Shunts. Fig. 2D illustrates a bidirectional shunt, showing the combination of 
mature appearance of the dye due to pulmonary bypass, and delayed fall off due to pulmonary 
rculation. When the right-to-left element is large, the second or normal peak is submerged, and 
scision as to whether or not a right-to-left shunt is present must be made by comparing the 
earance times in serial injections. 

For localization, the dye curves and blood oxygen data are complementary, left-to-right shunts 
ig localized by sampling and right-to-left shunts by the dye curves. Dye curves are more 
itive than the arterial oxygen saturation for the detection of small right-to-left shunts, and of 
al sensitivity to blood oxygen determination for the detection of small left-to-right shunts. 


TABLE I 


THE PATIENTS STUDIED 





No. of Patients 
Interatrial Communications (23 patients) 
Uncomplicated ostium secundum atrial septal defect .. “< os “ 12 
with partial anomalous pulmonary venous connection A 
with the Eisenmenger syndrome : a a 9 Re wh 3 
Partial atrio-ventricular canal te se a! od % es as 2 
Ebstein’s anomaly .. eg 1 
Primary pulmonary hypertension with patent foramen ovale .. 1 
Severe pulmonary stenosis with patent foramen ovale .. 1 
Pulmonary stenosis with atrial septal defect 1 


Interventricular Communications (23 patients) 
Isolated ventricular septal defect 
Ventricular septal defect with aortic regurgitation 
Eisenmenger complex 
Fallot’s tetralogy 
Pulmonary stenosis with ventricular septal defect oa 
Ventricular septal defect with pulmonary stenosis and regurgitation ts 


—_ 
— i LD 


Patent Ductus Arteriosus (1 patient) 
Isolated patent ductus arteriosus .. 


— 


Multiple Defects (7 patients) 
Ventricular septal defect with patent ductus ae 
Ventricular septal defect with patent ductus and pulmonary valve stenosis .. 
Transposition of the great vessels 
Incomplete atrio-ventricular canal (complicated by drainage of vena cava into left 
atrium) a Se . Die a 


wen 


Without Intracardiac Shunts (6 patients) 
Pulmonary stenosis with closed septa ae! a a oy on ba bs 
Cardiomyopathy ‘ oc ai 


— 


Dye Curves at Operation (4 named 
With ventricular septal defect . ae er re ee a 
With partial atrio-ventricular canal Be i ee oe -5 s 1 


Post-Operative Dye Curves (6 —— 
Atrial septal defect .. 
Fallot’s tetralogy 
Ventricular septal defect with patent ductus 
Single ventricle ‘ ae oe , 


— i et UD 
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Fic. 2.—Facsimile illustrative dye curves showing (A) the normal curve, (B) left-to-right, 
(C) right-to-left, and (D) bidirectional shunts respectively. 





Fic. 3.—Examples of left-to-right shunts of varying size. These curves have been recorded 
from injections into the main pulmonary artery. Pulmonary: systemic flow ratios 
calculated by the Fick method were (A) 1-7:1, (B) 2-1:1, (C) 2-6:1. 
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PATIENTS WITH INTER-ATRIAL SHUNTS 


Ostium Secundum Defects. Atrial septal defect presents certain important problems that are 
yt always solved by clinical examination and right heart catheterization. These are to detect 
e ostium primum or atrio-ventricular canal, which must be repaired under cardio-pulmonary 
ypass; to distinguish the sinus venosus defect, often associated with anomalous pulmonary venous 

« nection; and to decide whether arterial oxygen desaturation precludes operation because of 

Imonary vascular disease or whether it is due to some other cause. We found dye curves to be 

\pful in these cases, often giving information that could not otherwise have been elicited. 


Case 1, a man of 38, was thought to have a large atrial septal defect that required surgical repair. How- 
*r, we were disturbed by his arterial oxygen saturation being 85 per cent despite only moderate pulmonary 
yertension (pulmonary artery pressure 55/22 mm. Hg and pulmonary vascular resistance 2-1 units). In 
w of the similarity of pulmonary and systemic arterial oxygen saturations, total anomalous pulmonary 
10us drainage was suspected. When there is total anomalous drainage, pulmonary venous blood reaches 

left ventricle via the atrial defect so the dye appears more rapidly after injection into the right atrium than 
loes after injection into the pulmonary artery. This was not the case in this patient, and dye curves 
tained at cardiac catheterization disposed of the possibility and explained the systemic arterial desaturation, 

the curves from inferior vena cava and right atrium showed a substantial right-to-left shunt that was not 

n in the curve from the superior vena cava, suggesting also that the defect was alow one. At operation a 
ge ostium primum and ostium secundum defect, across which streaming from inferior vena cava to left 
ium had occurred, was successfully closed. This patient is now well and his post-operative dye curves 
yw no shunts. 

Case 2, a woman of 54, with an atrial septal defect and kyphoscoliosis, was limited by fatigue and 
c.spneea. Her arterial oxygen saturation was only 83 per cent. It was uncertain clinically whether 
kyphoscoliotic cor pulmonale was a factor in her disability, and would render too high the risks of operating 
to close the septal defect. At cardiac catheterization she was found to have a normal pulmonary vascular 
resistance and a pulmonary flow three times the systemic flow. Respiratory function studies disclosed 
mechanical ventilatory deficiency but no excessive ventilatory perfusion imbalance to account for the 
cyanosis. Dye curves effectively sorted out this problem. Curves from inferior vena cava and right 
atrium showed a right-to-left shunt. A pulmonary vein was entered and dye injection there gave rise to a 
curve identical with the right atrial dye curve (Fig. 4b and e), suggesting the vein was draining anomalously 
into the right atrium. Dye injection into a normally connected pulmonary vein shows the rapid appearance 
time characteristic of left atrial injections. Thus dye curves in this patient indicated that the arterial desatu- 
ration was due to streaming from the inferior vana cava, suggesting a low defect, and also demonstrated 
anomalous pulmonary venous connection. Confirmation is lacking as this patient has not been treated 
surgically. 


Ostium secundum defects were present in 12 patients, all of whom had clinical, radiological, 
and catheter evidence of a left-to-right shunt. The pulmonary/systemic blood flow ratios ranged 
from 1-6:1 to 48:1 and the pulmonary vascular resistance from 0-4 to 3-0 units. Dye curves 
showed unequivocal evidence of left-to-right shunts in allinstances. Left atrial injections were made 
in three patients (1, 2, and 3) and showed the early appearance time characteristic of such sites of 
injection (Fig. 4D). 

There was a small right-to-left shunt in dye curves from the inferior vena cava and right atrium 
but not from the superior vena cava in three of the four patients (1, 2, and 5) whose arterial oxygen 
saturation was below 94 per cent and also in two (6 and 7) whose arterial blood was 97 per cent 
saturated. This has been attributed to preferential streaming from inferior vena cava to left-atrium 
across a low defect and is unrelated to the height of the pulmonary resistance (Swan et al. 1954). 
A right-to-left shunt due to pulmonary hypertension shows, of course, in the dye curves from both 
superior and inferior cavae. The pulmonary arteriolar resistance was normal or only moderately 
raised in these 5 patients (range 0-5 to 3-0 units) and the three defects that have been repaired were 
all the ostium secundum type. 

One patient (Case 3) with arterial desaturation of 87 per cent in whom dye curves showed no 
right-to-left shunt had extensive bronchiectasis and was rejected for surgical repair partly on this 
account. 


Atrial Septal Defect with the Eisennenger Syndrome. By the Eisenmenger syndrome we mean 
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pulmonary hypertension of such a degree that the pulmonary resistance approximately equals th: 
systemic resistance, this resulting in a balanced bidirectional shunt and arterial desaturation. 

The diagnosis of the Eisenmenger syndrome can often be made at the bedside, but the site of th 
anatomical defect is often still in doubt. Right heart catheterization confirms the physiologica 
situation but may not help to localize the shunt, for which angiocardiography or serial dye curve 
are required. 

Case 14 was a girl, aged 6, who had had a patent ductus ligated two years previously. In the pas 
year she had become noticeably cyanosed and was limited by fatigue and dyspneea. Examinatioi 
indicated severe pulmonary hypertension and her arterial oxygen saturation was only 72 per cent 
Atrial septal defect is not often associated with a patent ductus, nor is it usually complicated b 
serious pulmonary hypertension at such an early age although this may have been a reaction to th 
combined defect. Thus it was useful to localize the site of the shunt at atrial level by means of th: 
dye curves. 

Two patients (Cases 14 and 15) with atrial septal defect and the Eisenmenger syndrome had « 
balanced bidirectional shunt with the calculated pulmonary resistance near or equal to the systemic 
resistance and accompanied by considerable arterial desaturation (less than 80%). Caval and 
right atrial dye curves demonstrated the bidirectional shunt while more distal injections in the 
right ventricle and pulmonary artery showed only a small left-to-right shunt. The defect was thus 
clearly situated at atrial level (Fig. 5). 





Fic. 5.—Dye curves from a patient with the Eisenmenger syndrome due to atrial septal defect, (A) superior ven 
caval, (B) right atrial, (C) right ventricular, and (D) pulmonary arterial injection. 


Partial Atrio-Ventricular Canal (Ostium Primum Defect). There were three patients (20, 2i 
and 22) with partial atrio-ventricular canals, in each of whom this diagnosis was verified at operatior . 
Dye curves showed a large left-to-right shunt in each. In one of these (Case 20) whose arteri< 
oxygen saturation was only 75 per cent, a left superior vena cava was found at operation to ente 
the left atrium. 

Idiopathic Pulmonary Hypertension. This is uncommon in childhood and therefore not usuall 
suspected. 

Case 18. A boy, aged 2, who had been blue from birth, was greatly disabled and deteriorating. Whe 


first seen he was deeply and symmetrically cyanosed with signs of extreme pulmonary hypertension and ‘ 
very much reduced systemic flow. He was thought to have the Eisenmenger syndrome with ventricula 
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eptal defect and possible transposition of the great vessels. At cardiac catheterization the pulmonary 
‘erial pressure was found to exceed the systemic pressure, and serial dye curves showed a right-to-left 
irteratrial shunt with no opposing shunt. This was unlike the Eisenmenger syndrome in which the dye 
ves usually show bidirectional shunts at the appropriate level. The presence of a lone right-to-left 
<’ nt at atrial level suggested a foramen ovale rather than an atrial septal defect, and the absence of any 
: ht-to-left shunt at ventricular or pulmonary artery level excluded a ventricular defect or patent ductus. 
" ¢ primary lesion was, therefore, idiopathic pulmonary hypertension with secondary right-to-left shunt 
yugh a patent foramen ovale. The child died subsequently, and necropsy revealed gross right 
tricular hypertrophy. The main pulmonary artery was larger than the aorta. The fossa ovalis 
wed valvular patency and there was no other septal defect. The ductus arteriosus was closed. 


as tn 


ao 


Ebstein’s Anomaly. Dye curves have not proved useful in the diagnosis of Ebstein’s anomaly, 
| injection into the superior vena cava can, by showing a bidirectional shunt, indicate that an 
al septal defect rather than a patent foramen ovale is present (Case 19). 


PATIENTS WITH INTERVENTRICULAR SHUNTS 


Dye curves by our technique have little to add to the diagnosis of uncomplicated ventricular 
s_ ial defect, although they are useful adjuvants when the size of the defect is under discussion with 
rence to its surgical closure. Shunts at ventricular level were found in 30 patients, in 16 of 
ym the defect was uncomplicated by other anomalies. Of these 16 patients whose pulmonary 
od flows ranged from 1-4 to 2-6 times the systemic flow, 15 showed clear evidence of a left-to- 
it shunt on the dye curves. One (Case 35) who had been diagnosed clinically as having the 
m.ladie de Roger, in whom no interventricular shunt was detectable from the blood samples at 
ca.heterization, had also normal dye curves. 

Ventricular Septal Defect and Patent Ductus. The diagnosis of an associated patent ductus in 
ca.es of ventricular septal defect has found importance since the advent of intracardiac surgery, for 
the duct must be ligated before instituting cardiopulmonary bypass (Cleland et a/., 1959). Pre- 
operative diagnosis is difficult because the duct often seems to be functionless or carrying only a 
small fraction of the total shunt. Dye curves have not proved helpful here, the diagnosis being 
made by aortography or, latterly, by preliminary exploration at thoracotomy. 

Three patients (39, 40, and 41) had both a ventricular septal defect anda patent ductus. The pul- 
monary blood flow in these patients ranged from 2-3 to 3-7 times the systemic flow, and the dye curves 
were in accord with a moderately large left-to-right shunt. In a child (Case 42) with an isolated 
patent ductus, whose calculated pulmonary blood flow was ten times the systemic flow, dye curves 
also indicated a large left-to-right shunt. 

Four patients presenting as cases of Eisenmenger’s syndrome were found to have interventricular 
shunts by means of dye curves. The dye curves in Eisenmenger’s syndrome differ from the dye 
curves in Fallot’s tetralogy in showing a bidirectional shunt. Even though the left-to-right com- 
ponent is small, slight skewing of the curves is usually recognizable in Eisenmenger’s syndrome and 
this is not seen in the tetralogy, even in those acyanotic cases in whom there may be a slight left-to- 
right shunt at rest. 

Pulmonary Stenosis with Ventricular Septal Defect. The patient with severe pulmonary stenosis 
always poses the problem of whether an associated septal defect is present; if so, whether it is at 
ventricular or atrial level or not; and if at atrial level, whether there is an atrial defect or just a 
patent foramen ovale. Correct diagnosis has importance in order to decide whether operation 
should be undertaken with cardiopulmonary bypass or hypothermia. 


= of a ot 


Case 51. A girl, aged 14, had the signs of severe pulmonary stenosis, having a 4 cm. a wave in the neck, 
a long pulmonary ejection systolic murmur spilling through the aortic closure sound (A2), and a very faint, 
though still audible, pulmonary component of the second sound falling 0-09 sec. after A2. 

The brachial artery oxygen saturation was 93 per cent and the pulmonary gradient 115 mm. Hg. There 
Was no suggestion of a shunt from the blood oxygen data, but ear oximetry revealed that on effort there was 
oxygen desaturation from 94 to 83 per cent, so ventricular septal defect was suspected. Dye curves confirmed 
this (Fig. 6), showing a small right-to-left shunt in the curves from right atrium and right ventricle, but a 
























540 OAKLEY, TAYLOR, WILCKEN, HOLLMAN, GOODWIN, AND SHILLINGFORD 


normal dye curve from the pulmonary artery. At operation under cardiopulmonary bypass, a ventricula 
septal defect, 2-5 x 2.cm. in size, was repaired and the pulmonary infundibular stenosis resected. She is nov 
very well. 





DYE INJECTION,  =«- RAL 








bul 
SEC. 





Fic. 6.—Dye curves from an acyanotic patient Fic. 7.—Dye curves, showing an apparent 
with severe pulmonary stenosis, showing a right-to-left shunt in the curve from high 
right-to-left shunt at ventricular level. right ventricle, due to injection of part of 

the dye through a ventricular septal defect. 


a 


Transposition of the Great Vessels. Recognition of anomalous origin of the great vessels may be 
facilitated by dye curves, particularly in complicated situations where the exact location of the 
catheter tip is sometimes in doubt during catheterization. An injection of dye into the venous 
ventricle that appears in the rapid time characteristic of left heart injection, is diagnostic and 
often useful in planning the next manceuvre. 

Pulmonary Stenosis. Dye curves are, of course, normal in cases of pulmonary stenosis with 
closed septa. The appearance time may be prolonged and the upstroke slowed by a low cardiac 
output in cases of extreme stenosis. In cyanosed patients, serial dye injections will localize the 
right-to-left shunt but cannot help to distinguish an artrial septal defect from a foramen ovale. 


Dye CURVES BEFORE AND AFTER OPERATION 


Dye curves have been used during operation to confirm successful closure of septal defects, 
inferior vena caval injections being made before starting the repair and again after its completica 
(Fig. 8). Dye curves were normal after operation in the three patients (39, 61, and 62) in who 
isolated ventricular septal defects had been repaired. The absence of a left-to-right shunt aft r 
operation was difficult to confirm in one (Case 22) after repair of a partial A-V canal: this ws 
almost certainly due to residual regurgitation at the sutured mitral valve. 

A dye injection into the S.V.C. was used as an emergency diagnostic procedure at the bedsi: 2 
in a patient with Fallot’s tetralogy (Case 65) who rapidly went into heart failure three days aft r 
operation. It was suspected that rupture of the sutured ventricular septum had occurred and th s 
was confirmed by dye curves which showed a large left-to-right shunt. Breakdown of the ventr - 
cular septum was confirmed at operation. 
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BEFORE & AFTER CLOSURE OF V.S.D. 





BEFORE 


AFTER 
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Fic. 8.—Dye curves obtained during operation and after closure 
of a ventricular septal defect. 
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Five patients (1, 41, 63, 64, and 66) had dye curves performed shortly after operation. Four 
vere normal and one was abnormal. The last (Case 66) with a single ventricle had had an inter- 
ventricular septal prosthesis successfully inserted. Prior to operation the physical signs were those 
of apparently uncomplicated ventricular septal defect but with a very large left-to-right shunt. 
These signs disappeared after the operation. A post-operative dye curve from the superior vena 
cava showed a small right-to-left but no left-to-right shunt. 


DIFFICULTIES ENCOUNTERED WITH THE TECHNIQUE 


It is necessary to know the exact location of the catheter tip and it should be the invariable rule 
to screen, record pressures, and take a blood sample immediately before injecting each dose of dye 
and to check the screening position and pressure trace again after injecting the dye. Failure to do 
this will inevitably lead to the faulty localization of right-to-left shunts. 

Dye curves can mislead if dye is injected through defects into the left side of the heart, giving the 
impression of a right-to-left shunt where none in fact exists. This interpretation is avoidable if the 
above precautions are taken, and serial injections made. 

Case 52. A man, aged 25, had a ventricular septal defect and a maldeveloped pulmonary valve with 
stenosis and regurgitation. Cardiac catheterization showed a right ventricular pressure of 55/12 mm., a 
pressure gradient of 38 mm. across the right ventricular outflow tract, and left-to-right interventricular shunt 
with pulmonary blood flow five times the systemic flow. The pulmonary vascular resistance was normal, 
Dye injection into the right ventricular outflow tract showed, surprisingly, a right-to-left shunt also (Fig. 7). 
Its artefactual nature was indicated by dye curves from the right atrium, low right ventricle, and pulmonary 
artery which all showed only a left-to-right shunt. In fact the pressure recorded at the site of injection into 
the outflow tract was at systemic level, so that part of the dye had been injected into the aorta. At operation 
a large supra-cristal defect close under the aortic root was successfully repaired. 


Toxic effects due to Coomassie blue have been negligible, consisting only in occasional vomiting 
usually after more than 5 or 6 dye injections. The vomitus was inky blue due to excretion of dye 
in the bile. Skin discoloration was absent or minimal and rapidly disappeared since there is 
complete clearance of dye from the body in twelve hours. 

Dye was inadvertently injected into the myocardium of the left ventricle in one patient, but this 
is a hazard of any intracardiac injection and not peculiar to Coomassie blue dye. 
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The following incident was interpreted as due to injection of dye into the myocardium, eithe- 
via a Thebesian vein or due to the catheter tip becoming fixed by chorde tendinez. 


Case 69. A child, aged 7, with an atrial septal defect that was thought to be an uncomplicate 
ostium secundum type needing surgical repair, was admitted for cardiac catheterization, which was pe!- 
formed on 10/10/58. The catheter passed early into the left atrium and an attempt was then made to ente - 
the left ventricle. Left ventricular pressures were recorded intermittently, so it was assumed that th: 
catheter was only just through the mitral valve. It was decided to inject dye at this site, so after witt - 
drawing blood and then syringing through the catheter to ensure that it was free, 50 mg. of Coomassie blu : 
was injected. Strangely, no dye curve was inscribed. Then six seconds after the injection, a small an | 
prolonged upstroke appeared. 

At this time, considerable S-T elevation appeared on the cardiogram, together with bradycardia an | 
transient wandering atrial pacemaker. The child appeared a little distressed and complained of chest paii.. 
After taking atrial and caval blood samples for estimation of shunt size, the procedure was terminated :s 
rapidly as possible. Subsequently she seemed well, was afebrile, and indeed had suffered no obvious il - 
effect. A cardiogram (Fig. 9) later the same day did not show ST-T abnormalities and was unchanged fror 
previous records, but one taken four days later on 14/10/58 showed deep symmetrical T wave inversion i1 
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Fic. 9.—Cardiograms from a patient in whom damage to the posterior 
endocardial surface of the left ventricle was caused by injection of 
dye into the myocardium. 


all the precordial leads without abnormal Q waves. By 24/10/58, T V5-V7 were again upright but pathologic 111 
upward bowing of the S-T segment in V3 and V4 persisted. These changes were interpreted as due to dama ‘e 
of the posterior endocardial surface of the left ventricle. A week later, all cardiographic evidence of t e 
episode had disappeared. 

Six months later, an ostium secundum about 1-5 cm. in diameter was closed under hypothermia. T e 
child is now well. 


DISCUSSION 
The photo-electric earpiece recorder has been used throughout to obtain the dye dilution curve . 
With care we have found it entirely satisfactory for the qualitative determination of the type an |! 
position of shunt. The earpiece is very sensitive to changes in position on the ear and to extraneoi ; 
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ight, and it should be attached to the pinna of the ear for ten minutes before making a record. 
imilar results would, of course, be obtained if blood were sampled by direct arterial puncture 
irough a photo-electric cuvette. Although the cuvette method has the advantage of greater 
uantitative accuracy, it has the disadvantage of the necessity of maintaining an indwelling arterial 
sedle during the whole of the catheterization, with its attendant difficulties. It is for this reason 
ainly that we have explored the possibility of using the earpiece method of recording. We have 

id, however, little experience with the photo-electric earpiece in very young children where a 

vette might well prove better, but arterial correlation here had its own difficulties. No attempt 

s been made to make an accurate estimation of the size of the shunt from the curves but the cases 
| ve been divided into four main groups of shunts—none, slight, moderate, or great—by a simple 

spection of the shape of the curve. 

The present series of patients includes only those in whom dye was injected at the time of routine 

tht heart catheterization, and retrograde sampling on left heart injection studies are not included. 
1e addition of these increases the difficulty of the technique. 
Coomassie blue was chosen as the dye because of its lack of toxicity even in large doses, absence 
skin staining, and comparatively rapid elimination from the blood. Evans blue, on account of 
undesirable staining, is probably unsuitable for multiple injections. Indigo carmine or methylene 
ue could both be used for this purpose. More recently the introduction of “‘cardio-green”’ has 
en a great advance in the technique when using a cuvette but, as it needs the infra-red cell alone 
r recording its passage through the ear, the use of an ear recorder tends to introduce undue 
ilsation. 

The average dose of Coomassie blue was 0-5 mg./kilo and no trouble of any kind was experienced 
when giving up to ten injections at this dosage in any single patient. A slight dusky hue, sometimes 
aparent when multiple injections had been used, disappeared during the course of an hour or two 
aad no evidence of skin staining was found in any patient the day after the cardiac catheterization. 
The technique was most reliable and failure to obtain satisfactory curves occurred only in one child 
due to a smallear. In some patients where there was a great variation of oxygen saturation during 
the respiratory cycle with consequent rhythmic variation in the base line, it was necessary to increase 
the dose by 14 to 2 times. 

Dye dilution techniques of this type are of value in the diagnosis of congenital heart disease. 
Used in this way, they add little to the time occupied by catheterization, and virtually nothing to 
the risks. Provided their limitations are recognized, they can yield much valuable information. 
Dye curves made with Coomassie blue dye serve as a useful screening method for left-to-right 
shunts, and an injection into the superior vena cava may safely be made in patients in whom cardiac 
catheterization is undesirable. Caval injection can also be employed to confirm obliteration of 
the left-to-right shunt by surgical closure of a septal defect. Intravenous injection does not always 
yield a reliable or accurate curve. Apart from its value as a crude quantitative screening test 
for left-to-right shunt, the dye curve recorded by our simple technique has its greatest value in 
cases with right-to-left shunts. More complicated techniques, involving left heart catheterization 
or simultaneous sampling from the right atrium through a cuvette, give information as to 
localization and magnitude of left-to-right shunts. 

The simplified technique will detect a small right-to-left shunt even when the arterial oxygen 
saturation is normal, and will localize it with accuracy—a property of considerable value in deter- 
mining the site of septal defects associated with minimal arterial desaturation. This is specially 
useful in cases where a left-to-right shunt at the same level is also present, for the latter is thus 
automatically localized. In atrial septal defect with normal pulmonary vascular resistance, a 
small right-to-left shunt may be the result of streaming from the inferior vena cava into the left 
atrium (Swan et al., 1954). By demonstrating a left-to-right shunt from the superior cava, and 


a bidirectional shunt from the inferior cava, the dye curve neatly reveals the cause of the arterial 
desaturation. 
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The method is also helpful in detecting anomalous pulmonary venous drainage in atria 
septal defect. The passage of the catheter into a pulmonary vein from the right atrium does no 
necessarily mean that the vein drains into the right atrium, for it may have been entered via the lef 
atrium. If there is a selective right-to-left shunt from the vena cava, this will also be present whe: 
dye is injected into the pulmonary vein if the latter enters the right atrium. If there is no right-to 
left shunt, then localization of the pulmonary venous drainage may depend upon the demonstratio: 
of a longer appearance time from an injection made into the pulmonary artery of the lung from whic! 
the vein drains into the right atrium (Swan and Wood, 1957). Total anomalous pulmonary venou 
drainage may be confirmed by the finding of a shorter appearance time when dye is injected into th 
right atrium than into the pulmonary artery. 

The detection of anomalous origin of the great vessels may be greatly helped by dye dilutioi 
curves, for in transposition an injection into the right ventricle will have the rapid appearance tim 
characteristic of a left ventricular injection. 

In cases where arterial desaturation may be due either to pulmonary ventilation perfusioi: 
imbalance or to a right-to-left shunt, the characteristic right-to-left dye curve from right atrium. 
ventricle, or pulmonary artery will reveal the presence of a cardiac defect with the proviso that pul- 
monary arteriovenous fistula would be expected to cause a right-to-left shunt pattern at pulmonary 
artery level. 

When the cardiac catheter enters the left side of the heart from the right, even more information 
may be obtainable. For example, in atrial septal defect when the left atrium is entered from the 
right, a left-to-right shunt curve will be obtained from the left atrium, but not from the left ventricle 
which is distal to the shunt. Thus the left-to-right shunt is localized to atrial level. When the 
catheter passes into the aorta from the pulmonary trunk through an aorto-pulmonary communication, 
injection in the ascending aorta will give a left-to-right shunt whether the fistula is a patent ductus 
or an aortic “‘window,”’ but if the injection is made into the arch of the aorta, then a left-to-right 
shunt will be found if the ductus is patent, but not if there is an aortic “‘window,” which will be 
proximal to the injection (Swan and Wood, 1957). 

We have not had personal experience of all these conditions, but published work from the Mayo 
Clinic amplifies our own findings and indicates the value of the technique. We would not therefore 
agree with Falholt and Fabricius (1958) who considered that dye dilution curves have only a limited 
application in congenital heart disease. We consider, moreover, that our results show that much 
useful information can be gained from a technique that is simple, rapid, and virtually free from risk, 
and that adds considerably to the information to be obtained from catheterization of the right heart 
in congenital heart disease. The limitations of this simple method must be realized, however, and 
special care must be paid to correct recording apparatus and technique. Occasional fallacious results 
must be expected, especially when the catheter tip is incorrectly positioned so that dye is injected 
directly through a valve or septal defect into a different chamber or vessel. Careful checking of the 
position of the catheter is therefore essential and requires checking by fluoroscopy and manometr~. 

Transient endocardial damage may occur if the catheter tip is pointing into ventricular musc! 
but this is a risk not peculiar to dye methods, but also applicable to the injection of any fluid rapid 
into the heart. Use of Coomassie blue does not permit the blood samples to be analysed for oxyge: 
by any photoelectric technique. In our cases the blood oxygen was obtained by the Haldare 
method. Alternatively dye curves may be made after the oxygen samples have been obtained. 

Sets of figures with several illustrative dye curves are available on request to the authors. 

Addendum. Since this paper went to press we have received reports of toxic reactions due 
Coomassie blue consisting of vaso-vagal symptoms and vomiting. In most cases very large dos 
of over 500 mg. had been given. 
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SUMMARY 


The application of a simple dye dilution technique to the study of congenital heart disea: > 
is described. The method employs a new dye (Coomassie blue) which is injected into the rig! 
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side of the heart during cardiac catheterization, the dye dilution curve being recorded from 
on ear oximeter. The results show that this method is reliable and safe, and adds much useful 


formation to that gained from right heart catheterization. Left-to-right shunts can be detected, 
id right-to-left shunts localized. Helpful data regarding anomalous origin of the great vessels 


.ad drainage of pulmonary veins have been obtained, but no attempt has been made to measure 
: 2curately the size of the shunts. 


We wish to thank Miss Ena Buchanan for valuable technical help and the Department of Medical Illustration for 


: e diagrams. 
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Endomyocardial fibrosis is a common cause of heart failure in Uganda. A clinico-pathologica: 
study of this cardiopathy reported by Ball et a/. (1954) established that the fibrotic process, whilc 
involving the endocardium of the apices of the ventricles, not infrequently extends to the chordz 
tendinez and the cusps of the atrioventricular valves, tethering them down and producing atrio- 
ventricular incompetence. Clinically, this group which comprises the majority of cases presents 
as classical mitral regurgitation often with tricuspid regurgitation, and is associated very frequently 
with considerable atrial dilatation. An abnormal atrial electrocardiogram associated with low 
voltage QRS complexes and flattening or inversion of T waves has been found in over half of a 
series of 30 patients proved at necropsy to have endomyocardial fibrosis (Williams and Somers, 
1960). We believe these electrocardiographic abnormalities to be distinctive of endomyocardial 
fibrosis. 

In this paper we report on the phonocardiographic signs in 14 consecutive cases of clinically 
diagnosed endomyocardial fibrosis with atrioventricular regurgitation admitted to Mulago Hos- 
pital during a three-month period in 1958. There were 8 male and 6 female patients and their ages 
ranged from 12 to 65 years. 

All the patients studied had been in congestive heart failure when first seen and in each instance 


heart failure had been controlled at the time of taking of the sound records. The diagnosis of 
atrioventricular regurgitation due to endomyocardial fibrosis was reached by careful exclusion of 


other causes of heart failure, particularly mitral stenosis, anemia, aortic valve disease, and hyper- 
tensive heart disease. In practice the finding of an apical pansystolic murmur transmitted to the 


left axilla, sometimes as far as the left scapular region, accompanied by radiological evidence of 


expansion of the left atrium during ventricular systole, was regarded as evidence of mitral regurgita- 
tion. 

In four of the patients studied there was organic tricuspid regurgitation in addition to th: 
mitral lesion. Tricuspid regurgitation was diagnosed on the basis of a systolic murmur over th: 
tricuspid area with inspiratory increase (Carvallo et al., 1951) and systolic pulsation of the jugula~ 
veins and the liver. 

A three-channel simultaneous electrocardiogram, carotid pulse pick-up, and phonocardiograr i 
recording unit, manufactured by Messrs. Cardiac Recorders, London, was used throughout. 

The murmur of mitral regurgitation was recorded from the area of maximal auscultatory inter 
sity which was usually well outside the mid-clavicular line in the fifth interspace. Records wer: 
taken at the end of expiration. In the four cases with tricuspid regurgitation the phonocardiogra1 
was recorded from the base of the xiphoid process or the lower end of the left sternal edge in bot 
expiration and inspiration. 

The simultaneous electrocardiographic lead recorded was lead II. All tracings were made wit! 
a film speed of 100 mm. a second. 


* In receipt of a Research Grant from East African Council for Medical Research 
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RESULTS 


The Murmurs. The auscultatory impression that the murmur of atrioventricular regurgitation 
\ as pansystolic was confirmed by phonocardiography. 

Characteristically the murmur started immediately after the first sound and filled systole, con- 
t quing up to the second sound with even intensity. The vibrations were mostly high pitched 
( ig. 1). In the majority the murmur included the second sound and in two instances of mitral 
 gurgitation the murmur was maximal in late systole and obscured the second sound (Fig. 2). 
I one case the murmur was maximal early in systole. 
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Fic. 1.—Mitral regurgitation in endomyocardial fibrosis. Low (LF) and high (HF) fre- 
quency phonocardiograms recorded from the apex (M.A.). The pansystolic murmur 
continues up to the second sound. A fourth sound is shown in the low-frequency 
recording. Note P mitrale patterns in the reference electrocardiogram. 


In the four cases with tricuspid regurgitation the murmur increased in intensity in inspiration 
(Fig. 3). In one patient with gross tricuspid regurgitation, a short diastolic murmur immediately 
following the third sound was recorded in inspiration (Fig. 4). This murmur was considered to 
be a ventricular filling murmur, probably associated with the rapid inflow of blood from the right 
atrium to the ventricle during diastole (McMichael and Shillingford, 1957). The jugular venous 
tracings showed a high positive systolic wave assuming the aspect of a “systolic plateau” in one 
case (Fig. 3). 

The Heart Sounds. The vibrations of the first sound were usually normal, with the exception 
of one patient, a child of 11 years, in whom they appeared increased. 
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Fic. 2.—Mitral regurgitation in endomyocardial fibrosis. The systolic murmur is long, maximal in late systole, 
and extends up to and obscures the second sound at the apex. A quadruple rhythm is shown in the low-fre- 
quency (LF) recording. Note also P mitrale patterns in the reference electrocardiogram. = jugular pulse 
tracing (JUG) shows a positive systolic wave indicating tricuspid regurgitation. 


The presence of a pansystolic murmur often made it difficult to distinguish the second sound. 
In two patients with a crescendo murmur in late systole, the second sound was completely obscured. 
In no case was an opening snap recorded. 

The third sound was present in all records except in one patient with mitral regurgitation. In 
four patients with mitral regurgitation the third sound was much accentuated. Its presence might 
have been normal in two patients who were aged less than 30 years, but was probably due to increased 
filling of the ventricle in all cases. 

It is remarkable that an atrial (fourth) sound was recorded in all but two patients with mitral 
regurgitation. The exceptions were one who had atrial fibrillation and one who had a norm:| 
P wave. All 12 patients with an atrial sound had a conspicuous bifid P mitrale with the exceptio1 
of one in whom the P wave was normal. Three of the four patients with tricuspid regurgiti - 
tion also had atrial sounds. 


DISCUSSION AND CONCLUSION 


The pansystolic murmur of atrioventricular regurgitation due to endomyocardial fibrosis hi 
been found to be no different from the pansystolic regurgitant murmurs described in rheumat 
heart disease (Leatham, 1951; Brigden and Leatham, 1953; Besterman, 1955; Leatham, 1958 
In this respect atrioventricular regurgitation in endomyocardial fibrosis is indistinguishable frot 
pure atrioventricular regurgitation due to rheumatic heart disease. 
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Fic. 3.—Tricuspid regurgitation in endomyocardial fibrosis. High-frequency 
(HF) phonocardiogram recorded from the base of the xiphoid process 
(T.A.), showing increase in intensity of the murmur in inspiration. 
There is a quadruple rhythm. The jugular venous pulse tracing (JUG) 
shows a high positive systolic wave with a ‘‘systolic plateau”’. 
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The difference arises with the ventricular filling sounds, both atrial and third sounds, which 
were present in nearly all the cases examined, producing quadruple rhythm. It may therefore be 
concluded that with the severe degrees of pansystolic regurgitant murmurs in endomyocardial 
fibrosis, quadruple rhythm is a common finding. 

Both these diastolic sounds are generally attributed to filling of the ventricles and are probably 
caused by the sudden distension of the ventricular walls. The atrial sound is said to indicate an 
increased resistance to ventricular filling (Leatham, 1958), and this may be the result produced by the 
endocardial lesion. The close association with a P mitrale suggests that the abnormal fourth sound 
is in some way related to the considerable atrial hypertrophy, especially left atrial hypertrophy so 
frequently found in endomyocardial fibrosis. 


SUMMARY 


Fourteen clinically diagnosed cases of endomyocardial fibrosis and mitral regurgitation, of 
whom four also had organic tricuspid regurgitation, were studied by phonocardiography. The 
murmur was invariably pansystolic and was frequently accompanied by accentuated third and 
atrial sounds. The association of an atrial sound and the presence of P mitrale is discussed. 
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Fic. 4.—Tricuspid regurgitation in endomyocardial fibrosis. High-frequency 
(HF) phonocardiograms, showing short early diastolic ‘‘inflow murmur” ~ 
immediately following the third heart sound in inspiration. The jugular 
venous pulse tracing (JUG) shows a ‘‘systolic plateau’”’. 


We are indebted to Dr. Aubrey Leatham for much helpful advice, and to Mr. Peter Cull and Mr. Gichuru 
Gitau who helped with the records. 

The equipment with which the records were taken was purchased with funds generously granted by the Eas! 
African Council for Medical Research. 
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“HE SIGNIFICANCE OF DEEP S WAVES IN LEADS II AND III. 
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Received December 5, 1959 


The competence of the electrocardiogram in the diagnosis of cardiac pain is not in dispute, but 
d ubt as to what constitutes a normal tracing still prevails, and the meaning of certain lesser 
¢ anges has yet to be determined. 

Erstwhile the T wave and its surrounds and the initial moiety of the QRS complex have received 
n ost attention whenever myocardial disease has been sought. The last portion of the QRS has 
nt been subject to the same scrutiny, although as long ago as 1933 Wilson et a/. drew attention to 
tl e presence of conspicuous S waves in the cardiogram of patients with cardiac infarction. 

The purpose of this work has been to re-examine the contribution that changes in this terminal 
portion of the QRS complex can make to the diagnosis of heart disease. 

The Investigation Described. The electrocardiograms of 655 cases were examined critically. 
These consisted of 200 healthy subjects, 161 with a raised blood pressure, 200 with cardiac pain, 53 
with cardiomyopathy, 21 with emphysema, and 20 with obesity. 

On finding an S wave in leads II and III, its magnitude in relation to the R wave was noted, as 
well as any irregularity in the complete tracing. The pattern eventually to be appraised was one 
showing an S wave greater than the R wave in leads II and III in the absence of an S wave in lead I. 

Some writers apply a rigid definition to left axis deviation, wherein the mean QRS axis lies farther 
to the left than —30° and S exceeds R in lead II as well asin lead III. This last interpretation gives 
to the pattern here discussed the same meaning as left axis deviation, and directs attention to the 
wave form in lead II as of equal importance to that of the other two limb leads. It is necessary to 
emphasize at the outset that the electrocardiographic sign under review is not synonymous with 
changes accepted as denoting left axis deviation when, customarily defined as showing dominant 
R waves in lead I and S waves in lead III (White, 1951; Friedberg, 1956; Wood, 1956). 

Recognizing this want of unanimity in the interpretation of left axis deviation we have preferred, 
for the sake of clarity, to apply the designation S2S3 to the pattern under consideration (Fig. 1 and 
2). Moreover, we have not accepted into the series as typifying this specific pattern those cases 
that showed an S wave in lead I in addition to leads II and III, for such a cardiogram may have a 
different meaning (Fig. 3). 


FINDINGS 


Healthy Series. \f a pathological significance is to be given to a cardiographic finding, its 
incidence in healthy subjects must be low. For this reason the selection of cases considered to be 
healthy was a special care. Thus, they had to show no symptoms suggesting a cardio-arterial fault, 
nor clinical signs of this, nor disease in any other system that might affect the heart, nor a raised 
blood pressure. For the purpose of this investigation we rejected from the healthy group any sub- 
ject whose systolic and diastolic blood pressure exceeded 160 and 95 mm. of Hg respectively. 
Significant peripheral arterial disease was also excluded and so was retinal arteriolar abnormality. 
Examination of the urine showed no abnormality. Radiological examination of the chest showed 
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Fic. 1.—The S wave is deep in leads Fic. 2.—The S wave is deep in leads Fic. 3.—The S wave is deep in leads 
II, I, and WIR. From a man II, III, and IIR, and natural Q II, II, and IIR; it is also deep 
aged 53 years without chest pain. waves are present in leads I, in I as part of the right 
No significant changes appeared CR4, and CR7. From a man bundle-branch block pattern. 
in an exercise cardiogram. aged 75 years without chest From a patient with atrial septal 

pain. He was too frail for a defect of the ostium primum 
recording of an exercise electro- type (necropsy control). 
cardiogram. 


no disease of either the heart or the lungs. Finally, the resting electrocardiogram had to be an 
unblemished tracing, apart from the change in the S wave that is the concern of this paper. 

Two hundred healthy subjects were convened in accordance with these criteria, 110 being over 
the age of 40, and 90 under 40 years. The S2S3 pattern did not appear in the younger group, and 
only three times in the older group (Table I). An exercise cardiogram, recorded in 59 of the 200 
cases, was positive in only one, a man of 48 years without chest pain but showing the S2S3 pattern. 
The exercise test was negative in the other two symptomless cases that showed this pattern. 

It would seem, therefore, that the S2S3 pattern is a rare finding in young healthy subjects. In 
older and apparently healthy subjects, its low incidence of 3 among 110 subjects over the age of 
40 years suggests for it a significance comparable with some other electrocardiographic signs that 
are known to occur with increasing frequency in old age (Lepeschkin, 1951). 


TABLE I 
AGE INCIDENCE OF THE S2S3 ELECTROCARDIOGRAPHIC PATTERN IN 200 HEALTHY SUBJECTS 





Number of cases 





Age in years | Number of cases _ | showing S2S3 pattern 

10to20.. | 8 | 0 
21 to 30 .. pit 45 0 
31 to 40 .. . 42 0 
41 to 50 .. ee 48 1 
51 to 60 .. we. | 38 1 
61 to 70 .. 4 16 0 
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71 to 80 .. 4 
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Obesity. The cardiographic sign was sought in 20 very obese patients whose average age was 
53 years. Some of them weighed over 17 stone (108 kg.). Only one among these 20 showed the 
§2S3 pattern. This patient complained of pain in the upper chest spreading into the neck and the 
left arm, but unrelated to exertion. 

Although Ashman (1946) stated that strong counter-clockwise rotation of a horizontal heart can 
give rise to an $2S3 configuration, Schlomka (1948) found that obesity of itself does not cause 
sufficient axis deviation to the left to produce this cardiographic change. Moreover, it is likely 
that pregnancy with its considerable elevation of the diaphragm does not cause the appearance 
of this pattern. 

Hypertension. We assembled 50 patients with systemic hypertension. In all these the blood 
pressure was significantly raised and the evidence of cardio-arterial derangement consisted of 
whipcord brachial arteries, narrowed retinal arterioles, variable enlargement of the left ventricle 
which was often very great, and always left ventricular preponderance in the electrocardiogram. 

Only 8 of the 50 patients showed the S2S3 pattern. In six of these, cardiac pain was present 
and the cardiogram provided evidence of cardiac infarction in addition to left ventricular prepon- 
derance (Fig. 4). One of the remaining two gave no history of cardiac pain, but the cardiogram 
showed signs of cardiac infarction: in the other both history and cardiogram failed to confirm the 
presence of infarction. 

The relation between the S2S3 pattern and the level of the blood pressure was examined in these 
patients. The average blood pressure was 220/120 in the eight showing this pattern compared with 
220/130 for the whole group. Again, among 22 patients with a diastolic pressure of 135 mm. or 
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Fic. 5.—The S wave is deep in leads Fic. 6.—The S wave is deep in leads 





Fic. 4.—The S wave is deep in leads 
II, II, and IIIR, and the T wave 
is inverted in leads I and CR4. 
From a woman aged 43 years 
with cardiac pain and a blood 
pressure of 240/120. 


II, II, and IIR. The T wave is 
inverted in the same leads and 
is low in I and in CR7. From 
a man, aged 44 years, with 
coarctation of the aorta, in 
whom patchy fibrosis of the left 
ventricle was present at necropsy. 
Death had taken place from 
rupture of the aorta. 


II, II, and IIR, and the T wave 
is inverted inI and CR7. From 
a man, aged 50 years, with car- 
diac pain. 
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over, in whom the average blood pressure was 240/140, only one showed an S283 pattern, while none 
among the six with the highest values (300/130, 260/160, 260/150, 250/150, 250/145 and 260/140) 
showed it. 

We then sought the pattern in 85 subjects who, though the blood pressure was raised, were 
regarded as examples of systemic hypertonia rather than hypertension in that they showed no 
clinical, electrocardiographic, or radiological signs characteristic of the condition (Evans, 1957). 
Seven of these, whose average blood pressure was 190/115 compared with 170/105 for the whole 
group, showed the S2S3 pattern. As many as six of the seven patients had suffered cardiac infarc- 
tion, while in the remaining one an artificial pneumothorax, resulting in great mediastinal distortion 
had been carried out in the treatment of pulmonary tuberculosis. 

Among 26 patients with coarctation hypertension whose average age was 27 years, two showec 
the S2S3 pattern. The significance of this finding is not properly understood. In the only case 
with this pattern examined at necropsy (Fig. 5), isolated streaks of fibrosis were seen in the antero 
lateral aspect of the left ventricle. 

The findings in these 161 patients with a raised blood pressure allow us to deduce that the S2S: 
pattern is not caused by either a raised blood pressure or the enlargement of the left ventricle that 
may accompany it. A significant finding was cardiographic evidence of cardiac infarction in 13 of 
the 17 who showed the pattern. 

Cardiac Infarction. The S2S3 pattern was next sought in the electrocardiograms of 200 patients 
with cardiac infarction, in whom hypertension was absent. It was present in 32 or 16 per cent ol 
them. 
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Fic. 7.—The S wave is deep in leads Fic. 8.—The S wave is deep in leads II, Fic. 9.—The S wave is deep in le ds 


II, II, and IIR, and the T wave III, and IIIR, and the T is inverted II, III, and IIR, and the T 
is diphasic in I, CR4, and CR7. in I,CR4,and CR7. From aman, is inverted in I and diphasic 
From a man, aged 55 years, aged 47 years, with cardiac pain. CR7. The QRS complex is v 
with cardiac pain. and there is no Qin I. Fro: 
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In that the site of the infarct can be told by reference to changes in a comprehensive cardiogram, 
the location of a lesion producing the distinctive S2S3 tracing was next determined by examining 
i s incidence in the main anatomical kinds of cardiac infarction. Such incidence is shown in 
“able II. Reference to this table makes it clear that the pattern was associated almost exclusively 
\ ith infarction situated in the antero-lateral aspect of the left ventricle (Fig. 6, 7, and 8). 


TABLE II 
INCIDENCE OF S2S3 PATTERN AMONG 200 PATIENTS WITH CARDIAC INFARCTION OF VARYING SIZE AND SITE 














The infarct Cardiographic | — | Number with — 

Te a ee pee ee ee pattern? be | $283 pattern | ©XPressec as 

ind Site | cases | percentage 
| Dominantly anterior ae coal TI, T4 29 3 10 
Dominantly lateral ee es gy Be yy, 34 12 35 
{ lient* Antero-lateral a ea a6 TI, T4, T7 33 11 33 
| Postero-inferior and lateral << THI, T7 13 1 8 
| Postero-inferior and medial sé QTIII 22 0 0 
Anterior .. = a os Iand 4 5 0 0 
mited* Lateral a a bs een Iand 7 33 4 12 
or Antero-lateral me ts ga I, 4 and 7 § 1 20 
stricted Postero-inferior and lateral os III and 7 21 0 0 
Indeterminate a ae ue Varied 3 0 0 
Total i 200 32 16 


| 





* In salient infarction the T wave was frankly inverted, but in the restricted kind the indicated leads showed the 
l.sser signs of cardiac infarction. ; 
+ Roman numerals in the second column refer to limb leads, and Arabic numerals to chest leads. 


In that the cardiograms of right ventricular preponderance and of right bundle-branch block 
almost always exhibit an obvious S wave in lead I, they do not come within the scope of this 
discussion for they do not conform to the definition we have set out for the S2S3 pattern. The 
problem of the association of this pattern with tracings of the left bundle-branch block kind is to 
be discussed later when the mechanism underlying this cardiographic deformity is considered. 

In the patients with limited or restricted cardiac infarction where the cardiographic changes 
were less obvious (Evans and McRae, 1952; Evans and Pillay, 1957), the distribution of those 
irregularities again placed the injury in the antero-lateral portion of the left ventricle. Thus, the 
addition of the S2S3 pattern in these patients gave further emphasis to the significance of such 
signs. 

Cardiomyopathy. In 53 patients in whom there was affection of the left ventricle, usually with 
enlargement of varying degree, the common causes like hypertension, valvular disease, and coronary 
arterial disease had been excluded. As many as 23 or 43 per cent of them demonstrated the S2S3 
configuration in the electrocardiogram. 

Thus, it was present in 3 out of 9 cases of familial cardiomegaly, in 2 out of 14 cases of Friedreich 
disease, in 1 out of 3 with cardiac amyloidosis, and in single cases of myotonia atrophica and of 
hemochromatosis. In the remaining 25 with obscure cardiomyopathy, the S2S3 pattern was present 
in as many as 16 patients, or 64 per cent. (Fig. 9, 10, and 11). Usually the deformity was associated 
with a wide QRS complex of from 0-10 to 0-16 sec. duration, but in five it was 0-09 sec. or less. A 
Q wave in lead I often accompanied the S2S3 pattern. 

The investigation, therefore, emphasizes the high incidence of this pattern in patients with 
cardiomyopathy. It would have been even higher were it not for the exclusion of some patients in 
whom a deep S wave in leads II and III was associated with right bundle-branch block with its 
expected S wave in lead I; such exclusion is in keeping with our definition of this pattern. 

Emphysema. Other authors (Grant, 1956; Duchosal and Jornod, 1958) have found the S2S3 
pattern in patients with emphysema, and Grant considered that it resulted from an altered electrical 
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over, in whom the average blood pressure was 240/140, only one showed an S2S3 pattern, while none 
among the six with the highest values (300/130, 260/160, 260/150, 250/150, 250/145 and 260/140) 
showed it. 

We then sought the pattern in 85 subjects who, though the blood pressure was raised, were 
regarded as examples of systemic hypertonia rather than hypertension in that they showed no 
clinical, electrocardiographic, or radiological signs characteristic of the condition (Evans, 1957). 
Seven of these, whose average blood pressure was 190/115 compared with 170/105 for the whole 
group, showed the S2S3 pattern. As many as six of the seven patients had suffered cardiac infarc- 
tion, while in the remaining one an artificial pneumothorax, resulting in great mediastinal distortion, 
had been carried out in the treatment of pulmonary tuberculosis. 

Among 26 patients with coarctation hypertension whose average age was 27 years, two showed 
the S2S3 pattern. The significance of this finding is not properly understood. In the only case 
with this pattern examined at necropsy (Fig. 5), isolated streaks of fibrosis were seen in the antero- 
lateral aspect of the left ventricle. 

The findings in these 161 patients with a raised blood pressure allow us to deduce that the S2S3 
pattern is not caused by either a raised blood pressure or the enlargement of the left ventricle that 
may accompany it. A significant finding was cardiographic evidence of cardiac infarction in 13 of 
the 17 who showed the pattern. 

Cardiac Infarction. The S2S3 pattern was next sought in the electrocardiograms of 200 patients 
with cardiac infarction, in whom hypertension was absent. It was present in 32 or 16 per cent of 
them. 
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Fic. 7.—The S wave is deep in leads Fic. 8.—The S wave is deep in leads II, Fic. 9.—The S wave is deep in le 
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In that the site of the infarct can be told by reference to changes in a comprehensive cardiogram, 
the location of a lesion producing the distinctive $2S3 tracing was next determined by examining 
s incidence in the main anatomical kinds of cardiac infarction. Such incidence is shown in 
able II. Reference to this table makes it clear that the pattern was associated almost exclusively 
ith infarction situated in the antero-lateral aspect of the left ventricle (Fig. 6, 7, and 8). 


TABLE II 
INCIDENCE OF $283 PATTERN AMONG 200 PATIENTS WITH CARDIAC INFARCTION OF VARYING SIZE AND SITE 




















The infarct Cardiographic | Number | Ditior with | Incidence 

eg = ae —— patternt - $2S3 pattern | expressed as 

Kind | Site cases | P | percentage 
Dominantly anterior a ae TI, T4 29 3 10 
Dominantly lateral ~ a pa ew, 34 12 35 
lient* Antero-lateral - 5a si TI, T4, T7 33 11 33 
Postero-inferior and lateral at THI, T7 13 1 8 
Postero-inferior and medial ee QTIII Z2 0 0 
Anterior .. ..  .. .. Land 4 mz. 0 0 
mited* Lateral sis ae oe ec land 7 33 4 12 
or Antero-lateral o "5 ie I, 4 and 7 5 1 20 
estricted Postero-inferior and lateral - III and 7 21 0 0 
Indeterminate ae is ae Varied 5 0 0 
Total nin 200 32 16 





* In salient infarction the T wave was frankly inverted, but in the restricted kind the indicated leads showed the 
lesser signs of cardiac infarction. d 
+ Roman numerals in the second column refer to limb leads, and Arabic numerals to chest leads. 


In that the cardiograms of right ventricular preponderance and of right bundle-branch block 
almost always exhibit an obvious S wave in lead I, they do not come within the scope of this 
discussion for they do not conform to the definition we have set out for the S2S3 pattern. The 
problem of the association of this pattern with tracings of the left bundle-branch block kind is to 
be discussed later when the mechanism underlying this cardiographic deformity is considered. 

In the patients with limited or restricted cardiac infarction where the cardiographic changes 
were less obvious (Evans and McRae, 1952; Evans and Pillay, 1957), the distribution of those 
irregularities again placed the injury in the antero-lateral portion of the left ventricle. Thus, the 
addition of the S2S3 pattern in these patients gave further emphasis to the significance of such 
signs. 

Cardiomyopathy. In 53 patients in whom there was affection of the left ventricle, usually with 
enlargement of varying degree, the common causes like hypertension, valvular disease, and coronary 
arterial disease had been excluded. As many as 23 or 43 per cent of them demonstrated the S2S3 
configuration in the electrocardiogram. 

Thus, it was present in 3 out of 9 cases of familial cardiomegaly, in 2 out of 14 cases of Friedreich 
disease, in 1 out of 3 with cardiac amyloidosis, and in single cases of myotonia atrophica and of 
hemochromatosis. In the remaining 25 with obscure cardiomyopathy, the S2S3 pattern was present 
in as many as 16 patients, or 64 per cent. (Fig. 9, 10, and 11). Usually the deformity was associated 
with a wide QRS complex of from 0-10 to 0-16 sec. duration, but in five it was 0-09 sec. or less. A 
Q wave in lead I often accompanied the S2S3 pattern. 

The investigation, therefore, emphasizes the high incidence of this pattern in patients with 
cardiomyopathy. It would have been even higher were it not for the exclusion of some patients in 
whom a deep S wave in leads II and III was associated with right bundle-branch block with its 
expected S wave in lead I; such exclusion is in keeping with our definition of this pattern. 

Emphysema. Other authors (Grant, 1956; Duchosal and Jornod, 1958) have found the S2S3 
pattern in patients with emphysema, and Grant considered that it resulted from an altered electrical 
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Fic. 10.—The S wave is deep in leads II, Fic. 11.—The S wave is deep in Fic. 12.—A deep S wave in leads 


III, and IIR, and the T is inverted leads II, II, and IIIR, and there II, Il], and IIR was the only 
in I and CR7. From a woman, is left bundle-branch block. change in this tracing froma 
aged 71 years, with an obscure From a man, aged 52 years, man, aged 46 years, with 
cardiomyopathy. At necropsy the with myotonia atrophica. chest pain. Three months 
left ventricle showed hypertrophy later, and three years after 
with moderate replacement fibrosis the onset of chest pain, the 
and some small foci of lymphocytes. patient died during an attack. 


A cardiogram at the time 
showed characteristic 
changes of extensive cardiac 
infarction (necropsy contro!). 


conductivity in the lungs, being present in.10 per cent of patients. We assembled 21 patients with 
emphysema for the present investigation, and in none did we find the S2S3 cardiographic pattern 


ASSOCIATED ELECTROCARDIOGRAPHIC SIGNS 


The R/S Ratio in Leads II and III, In the S2S3 pattern that we describe, the S wave in lead II! 
is deep and the R wave diminutive in comparison. Moreover, this disproportion is preserved i | 
IIIR (lead III recorded during deep inspiration) and differs in this respect from that pertaining t 
left axis deviation as commonly defined, where a deep S in lead III becomes small or disappears i 
THR. 

Our insistence that the S wave in lead II of the distinctive S2S3 pattern should be larger than th 
R wave in this lead is naturally arbitrary, fixing as it does the mean electrical axis at —30° or farthe 
to the left. Inevitably, there will be instances where S2, though deep, is less than R2 and th 
result of heart disease, but we have elected in the meantime to adhere to our definition so tha 
healthy subjects shall not by this token become handicapped by the stigma of a doubtful abnor 
mality. Duchosal and Jornod (1958) have adopted a more rigid definition, namely that S2 shoul 
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be more than twice the amplitude of R2, and not unnaturally they have found this pattern to be 
‘nvariably pathological. 


Associated Q Waves. The meaning of the association of a Q wave in lead I with the S2S3 
vattern will be discussed later, but naturally a prominent Q may appear in CR7 and/or in CR4 
hen the pattern has been produced by an extensive myocardial lesion. Should the injury have a 
ostero-inferior disposition with resulting Q waves in leads II and III, the addition of the $2S3 
sattern is not then expected, and indeed rarely appears. When a deformity of the T wave accom- 
anies the $2S3 pattern, it usually takes the form of inversion in leads I and CR4 or CR7, and the 
lative incidence of these deformities has been given in Table II. 

S2S3 as a Lone Cardiographic Sign. There were three patients in whom the pattern had been 
resent one time as a lone sign and where cardiac infarction developed later; in two the diagnosis 
as confirmed at necropsy and in the other by the association of characteristic cardiographic signs. 
1 two of the three patients chest pain was a feature when S2S3 was a lone sign, but in the third 
ain was absent (Fig. 12 and 13). 

Mention has already been made of three cases among the older members of the series of 200 
2althy subjects who showed this pattern in their tracings. Subsequent to this investigation six 
ibjects, four being young adults, have come to our notice where the S2S3 pattern was present in 
ie absence of any evidence of heart disease. 

The question is posed as to whether such instances have a pathological lesion of the myocardium, 
atero-laterally disposed, or are examples of a small conduction defect in the left ventricle as 
iggested by Manning (quoted by Grant, 1958). Thus, if the sign is discovered fortuitously in one 
ithout cardiac symptoms, it may be the outcome of congenital agenesis of the distal radicle of the 
-ft bundle, and as suchis an immaterial finding. In an elderly patient without pain but showing 
his sign, the presence of a small infarct cannot be excluded. 


THE MECHANISM UNDERLYING THE S2S3 PATTERN 


Our clinico-cardiographic investigation has established that the pattern signifies some abnor- 
mality in the antero-lateral sector of the left ventricle. This is in line with the work of Grant 
(1956) who analysed the records of 672 cases in which electrocardiograms were taken within five 
weeks of death and were subsequently related to the necropsy findings. He found that 131 showed 
an §2S3 pattern almost identical with the one we describe, but he defined it as left axis deviation: 
more than one-third of them had frank cardiac infarction: two-thirds of 47 cases with cardio- 
graphic signs of antero-lateral infarction presented the S2S3 pattern. When Grant excluded all 
instances of cardiac infarction or lung disease, he did not find that left axis deviation among the 
remaining cases was related to the degree of hypertension or to the body build. Hurwitz et al. (1943) 
and Moll and Lutterotti (1951) also stressed the frequency with which a deep S wave in leads II and 
Ill appeared in patients with infarction of the anterior wall of the left ventricle: they mentioned 
that this was sometimes the only change in the limb lead electrocardiogram and was not caused by 
left ventricular hypertrophy. 

The deep S wave in leads II and III is determined by a terminal vector that points to the left 
shoulder: this sequence in activation constitutes the essential ingredient of the pattern. 

Now that the pathology of the S2S3 pattern has been nailed to an abnormality of the antero- 
lateral sector of the left ventricle, and its mechanism explained by the resultant change in direction 
of the terminal vector of the QRS complex, it remains to describe the association of this distinctive 
pattern with the appearance of a Q wave in lead I and with events in the conducting bundle 
producing a prolongation of the QRS period. 

S2S3 in Relation to QI and QRS Widening. The association of a significant Q wave in lead I 
with conspicuous S waves in patients with cardiac infarction was described by Wilson et al. (1933), 
who named it the QJ pattern. Their paper illustrated tracings from seven patients, two of whom 
were examined at necropsy and were found to have occlusion of the anterior descending branch of 
the left coronary artery and infarction of the anterior and lateral wall of the left ventricle. The 
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authors, however, stated that a Q in lead I might be inconspicuous or even absent. Evans anc 
Pillay (1957) failed to find a natural Q wave in lead I alone in the electrocardiogram of 500 healthy 
subjects. Moreover, in 200 consecutive cases with chest pain that in regard to site, character, anc 
relation to exercise and to rest resembled cardiac pain, though the electrocardiogram had beer 
reported as normal, a Q wave in lead I alone was present only once, and in this instance it wa: 
associated with the S2S3 pattern (Fig. 4 in their paper). 

The characteristic effect of a sizable cardiac infarct on the QRS complex is the appearance of < 
Q wave, whose disposition among the leads determines the site of the infarct. In about one-hal 
of the cases of infarction with deformity of QRS, however, the terminal portion of the complex i: 
also altered and, as in the case of the initial moiety, all body-surface leads are affected. A study o 
these changes in the terminal forces or vectors led First et a/. (1950) to propound the concept o 
peri-infarction block. The changes identified with it follow a prescribed pattern. Thus, the initia 
vectors point away from the site of the lesion and the terminal vectors towards it. When ar. 
antero-lateral infarction, therefore, is associated with the so-called peri-infarction block, th: 
distribution of the electrical forces is such that their terminal components point towards th 
affected area, causing the S2S3 pattern to appear in the electrocardiogram. 

The pattern may accordingly appear when the initial vector is either normal or abnormal. In 
the former there is no Q wave in lead I, and in the latter there is. In each case the resultant pattern 
is abnormal, the latter signifying a lesion of the left ventricle large enough to make the initial vector 
point away from it. Obviously, the larger the Q wave, the more does the initial vector point to 
the right, and should it be 0-04 sec. in duration it is directed to the right of the vertical throughout 
this time. When the S2S3 pattern is present, however, the initial and terminal vectors may be widely 
separated, in the fashion of antero-lateral peri-infarction block, without the mean vector for the 
first 0-04 sec. being farther to the right than +90°. In this.event the Q wave will be less than 
0-04 sec. in duration. Thus, a Q of 0-03 sec. or even 0-02 sec. can signify in the presence of the 
$2S3 pattern antero-lateral infarction of considerable size. In this connexion Grant (1956) has 
emphasized that peri-infarction block can exist with or without widening of the QRS. 

Wilson et al. (1931) and Widran and Lev (1951) have suggested that the left bundle divides into 
two main portions, one lying anteriorly and superiorly and the other posteriorly and inferiorly. 
Grant (1956) considered that when interruption of the anterior fascicle occurs, the muscle normally 
activated along this path receives its innervation by the posterior fascicle and thence through a 
syncytium of conducting tissue. Such modification in the terminal phase of ventricular activation 
causes these forces to be directed upwards, forwards, and to the left. 

With a wide QRS, when the axis is directed to the left, it is customary to allude to it as left, or 
atypical left, bundle-branch block, and since the S2S3 pattern is a common addition, there is nov 
need to analyse this association in greater detail. It would appear that a deformity of the QRS 
complex caused by a lesion of the left ventricular conducting system is determined first by the site 
of the interruption, and secondly by the pre-existing state of the muscle. In that the onset of left 
bundle-branch block itself is usually unaccompanied by great changes in the direction of the initia’, 
terminal, or mean vectors, it follows that when a lesion of the main left bundle has caused th: 
widening of the QRS, the main features of the complex remain much the same as before the onset « f 
the block. Naturally, if the widening is due to peri-infarction block and occurs concurrently wit 1 
the onset of infarction, the vectors change in direction at that time. Thus, the initial vector ma 
point away from the infarct and the terminal vector towards it. Again, the change in the vectoi ; 
may take place at once and the widening of the QRS later on. Having regard to these circun 
stances, and in the absence of adequate histological evidence, our conception of what may be th 
pathology and pathogenesis underlying some common electrocardiographic patterns is illustrate 
in Fig. 14 and 15. 

Left Axis Deviation. We have accepted the earlier definition of left axis deviation as showing 
dominant R wave in lead I and S wave in lead III. The S wave in lead II is small or absent an 
the amplitude of S in IIIR is much reduced or even annulled. 
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Fic. 14.—Three cardiograms, showing a wide 
QRS complex. (A) Left bundle-branch 
block where both a Q in lead I and the 
S2S3 pattern are absent; from a woman, 


Fic. 13.—A deep S wave in leads Il, III, and aged 51 years, whose only complaint was 
IIIR is the only change in (A) recorded in palpitation. (B) Left bundle-branch 
a patient, aged 75, without chest pain, block with S2S3; from a man, aged 54, 
but the subject of paroxysmal auricular with cardiac pain, in whom there was 
fibrillation through many years. Later enlargement of the left ventricle. (C) Peri- 
he developed right bundle-branch block infarction block with widening of the 
(B), and succumbed to cardiac infarction QRS: a Q is present in lead I and is 
at the age of 82. Necropsy showed old associated with the $2S3 pattern: from a 
and recent antero-lateral infarction. man, aged 30 years, with obscure cardio- 


myopathy. 
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Fic. 15.—Diagrammatic representation of the vector and the considered underlying anatomical lesion in the separate 
electrocardiograms in which the presence of the S2S3 pattern is a special feature. (A) Left axis deviation. (B) 
Left bundle-branch block. (C) Focal block. (D) Left bundle-branch block with S2S3; here the Jesion is peripher- 
ally disposed and may also be associated with a lesion astride the proximal portion of the main left bundle (P). 
(E) Peri-infarction block without QRS widening. (F) Peri-infarction block with QRS widening. 


I=initial; T=terminal vector. 


The mean QRS axis lies at + 15° in the frontal plane, and both initial and terminal vectors point 
in a normal direction. Sucha tracing (Fig. 15A) is physiological and is a frequent finding in health, 
especially when the diaphragm is elevated, as from obesity. 

Left Bundle-Branch Block. Here the QRS complex is widened to 0-12 sec., there is no Q wave 
in lead I, and the S2S3 pattern is absent. The S wave in III is somewhat lessened in IIIR (Fig. 144 
and 15B). The directions of the QRS vectors are similar to those of left axis deviation. 

The lesion lies astride the main branch of the left bundle and, although conduction of the 
impulse is impeded, the myocardium need not show significant disease. 

Focal Block. This has sometimes been referred to as left ventricular parietal block. The 
cardiogram shows no Q wave in lead I and no widening of the QRS complex, but the S2S3 patte-n 
is present (Fig. 15C). 

The mean QRS axis lies at —30°, the initial QRS vector is normal, and the terminal vect or 
points towards the left shoulder. The significance of this finding as a lone sign has already be: n 
discussed. 

Left Bundle-Branch Block with S2S3. Here the electrocardiogram shows a wide QRS compl x 
and the $2S3 pattern in addition. There is no Q wave in lead I (Fig. 14Band 15D). Abnormaliti s 
of the S-T segment or T wave are usually present. 

The QRS cardiac vectors are as of the focal kind, while a lesion of the left main bundle mz y 
indeed be present. The muscle itself is affected in the periphery, causing delay in terminal activ. - 
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ion from its spread along slowly-conducting pathways. The disease, therefore, is diffuse, and the 
-equency of cardiac failure in patients exhibiting this cardiogram bears testimony to this. 

Peri-infarction Block without QRS Widening. Here the electrocardiogram shows the S2S3 
attern in addition to a Q wave in lead I, but the QRS is not wide (Fig. 15E). 

The vector for the first 0-04 sec. points away from the site of the lesion, and that for the last 
04 sec. towards it. The injury causing this particular abnormality in the cardiogram is usually 
farction from coronary arterial disease (Fig. 12). 

Peri-infarction Block with QRS Widening. Here the QRS complex is wide in addition to the 
2S3 pattern and a Q in lead I (Fig. 15F). The vectors are widely separated as in the previous kind, 
id the curve is not indicative of left bundle-branch block, but is the outcome of diversionary 
‘tivation due to a large peripheral injury and delay in the terminal spread of conduction. 

Inasmuch as the pattern is frequently seen in so-called cardiomyopathy (Fig. 14C), the term 
sri-infarction block should not connote infarction in its literal meaning. Thus, in cardiomyo- 
ithy considerable scarring and fibrosis of the myocardium is present in the absence of coronary 
‘terial disease (Evans, 1949; Brigden, 1957). The term may be retained, therefore, as an electro- 
irdiographic conception alone, for the pathology of the underlying lesion may be something other 
\an infarction. 


SUMMARY AND CONCLUSIONS 


The electrocardiographic pattern S2S3 in which the amplitude of the S wave in leads II and III 
xceeds that of the R wave, in the absence of an S wave in lead I, was sought in 655 cases. These 
onsisted of 200 healthy subjects, 20 with obesity only, 21 with emphysema, 161 with a raised 

systemic blood pressure, 200 with cardiac infarction, and 53 with cardiomyopathy. 

This distinctive electrocardiogram indicates a fault within the myocardium in the antero-lateral 
aspect of the left ventricle. Muscular hypertrophy alone, as in systemic hypertension, did not 
produce the pattern, nor did an alteration in the position of the heart as found in many of the cases 
with obesity or emphysema. 

Naturally, cardiac infarction provided the most frequent cause of the myocardial lesion, when 
the S2S3 pattern was usually accompanied by other cardiographic changes, but it was also common 
in patients with cardiomyopathy. Sometimes, the pattern was a lone index of a cardiac infarct. 

Exceptionally, the S2S3 pattern was a solitary abnormality in a subject without symptoms, and 
especially without chest pain. In these rare instances we have regarded the sign, although without 
pathological proof, as expressing either an impedance of conduction in a peripheral radicle of the 
left bundle from a small lesion or an immaterial congenital agenesis of this distal portion. 

In a patient with chest pain that suggests a cardiac origin the presence of this distinctive cardio- 
graphic sign, either alone or in company with changes not in the meantime universally accredited as 
being significant, is likely to be evidence of cardiac infarction. It is this that allocates to the S2S3 
pattern an importance not generally appreciated. 


We are indebted to Dr. H. G. Lloyd-Thomas for the exercise electrocardiogram recorded in a series of healthy 
subjects. 
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In 1883 Muller published a survey of heart weights of foetuses, children of different ages, and 
dults, and his values have been the standard reference for over half a century (Brock, 1932). 
[uller’s series included 61 stillborn babies ranging in size from 100 g. body weight to 3000 g. In 
lis two groups that include infants with a body weight of 100-1000 g., he shows a low R.V./L.V. 

eight ratio with the left ventricle heavier than the right in three of the four readings for these age 
croups. The R.V./L.V. weight ratio became greater than unity in his heaviest group of foetuses 
(i.e. those weighing 3000 g. and more). Miuller’s method of dissection has since been questioned 
(Dull, 1941; Hort, 1955) because he weighed the free ventricle wall and the septum separately. 
He divided the weight of the septum in the constant proportion 30 per cent to the right side and 
70 per cent to the left. This gives an erroneous impression of right and left ventricular weights 
as the proportion of each ventricle taking part in the formation of the septum alters with the relative 
sizes of the cavities (Fig. 1). 

Smith (1928-9) published the total heart weights related to body weight of 28 premature infants, 
but did not give their periods of gestation. In 1933, Blackfan stated that the right ventricle weighed 
13 per cent more than the left in the newborn: he found the combined ventricular weight to be 
15 g. in a 20-g. heart, of which the right constituted 8 g. and the left 7 g. 

Merkel and Witt (1955) dissected the hearts of 267 foetuses by Muller’s method and related the 
ventricle weights to body weight. They do not give any tables of figures but only a graph of mean 
lines, suggesting that until the foetuses have reached a body weight of 1800 g. the left ventricle is 
slightly heavier than the right: at this body weight level the two ventricular growth curves cross 
and the right becomes progressively heavier than the left. Their weights differ from Muller’s in 
that in his series the right ventricle was heavier than the left when the body weight was 1000 g. 
or more. 

Keen (1955) in his study of children’s hearts excluded premature infants from his main series 
and he did not know their gestation ages. Pansinello et a/. (1958) dissected 25 premature and 8 
full-term infant’s hearts, and divided the muscle of the interventricular septum longitudinally in 
order to obtain values for the right and left ventricular weights: they found that the left ventri- 
cular weight was significantly higher than the right. 

The method of dissection of the hearts used by Muller and by Meckel and Witt, which involved 
the assignment of a constant proportion of the septum to each ventricle, leaves much to be desired. 
Further, the clinical difficulties in assessing the gestation age of a stillborn child, the differences in 
water and blood content of the infant at birth, and the effect of intra-uterine disease on the nutrition 
of the infant make body weight alone an inadequate measure. Ventricular weights related to 
crown-rump length, which is probably the most reliable single measurement of a newborn child, 
563 








564 EMERY AND MACDONALD 





Fic. 1.—Cross-sections of heart from a foetus of 32 weeks and a foetus of 36 weeks maturity, taken at comparable 
levels across the ventricles. The dotted lines on the diagrams on the right indicate the line at which the ven- 
tricles would be divided for the purpose of weighing. 


+ 


do not seem to be available. The present survey attempts to assess the left and right heart ventricu- 
lar weights in “normal” stillborn hearts related to the age of the child, sitting height, i.e. crown- 
rump length, and to the gestation age, and to assess the individual and relative growth of the 
ventricles up to the time of birth, related to those three general criteria. 


MATERIAL AND METHOD 


The hearts were obtained from post-mortem examinations carried out by the staff of the depart- 
ment of Pathology of the Children’s Hospital, Sheffield, and many, by the courtesy of Dr. A. J. N. 
Warrack, at the City General and Nether Edge Hospitals, Sheffield. 

At necropsy the cavities of the heart were opened only sufficiently to remove blood clots and to 
exclude gross deformities. The hearts were fixed still attached to the other thoracic viscera. N» 
heart showing any recognized abnormality, or from a child showing any gross development! 
abnormality in any other organs was used, the necropsies being carried out by. or all organs see 1 
by a pathologist with experience of over 3000 such dissections. The material presented her: 
comes from a much larger mass of material concerned with a number of aspects of the developin ; 
heart. The present cases were 155 consecutive stillbirths, with periods of gestation calculated o | 
the basis of last menstrual period from 24 to 44 weeks. 

The hearts were separated from the lungs, and together with the great vessels placed in pot 
containing the necropsy number, and at the time of later detailed dissection it was not know 
whether the infant had been stillborn or liveborn, and no other organs, notably lungs, were avai 
able for inspection. 
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The hearts were removed from the formalin and washed in tap water to remove all small blood 
ots. The parietal pericardium was discarded. The vene cave and pulmonary veins were cut off 
their junctions with the atria and the two atria were separately dissected off the ventricles. The 
yrta and pulmonary artery were then cut off immediately below the level of their valves. The 
‘0 ventricles were cut transversely in a series of slices each about 0-5 cm. thick. The two ventricles 
‘re separated from each other by dividing the septum along what appeared to be a natural line of 
avage as shown by the dotted line in Fig. 1. Excess moisture was blotted off, and the pieces 
‘re left for a while in a cool closed chamber, having water at the bottom in an attempt to stabilize 
> water content, and the right and left ventricular pieces were weighed separately on a laboratory 
lance, the weights being corrected to the nearest 0-1 g. 

Each case had its own working sheet on which the weights were recorded. Later, the age of 
> child, crown-rump length, body weight, cause of death, and a note on the lung histology were 
ded. Twenty-five stillborn hearts were discarded because of other congenital abnormalities in 
2 child, although the hearts showed no abnormalities. 

The analysis of the results was carried out in the same way for each growth factor and that 
ainst gestation age is described here as an example. The cases were divided by four-week inter- 
ls into five groups spanning gestation ages of 24 to 44 weeks. The number of cases in each 
oup was determined (n) and the arithmetic means of right ventricular weight, left ventricular 
eight, and L.V./R.V. weight ratio and their standard deviations (c) calculated. The limits of 


ustworthiness of each of the means was then calculated according to the formula: +3,/2 
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Fic. 2.—Graph showing the mean right and left ventricular weights with their 
limits of trustworthiness against gestation age. 


RESULTS 


Analysis by Gestation Age: 126 cases, Fig. 2 and 3. The cases were subdivided in four-week 
intervals into five groups spanning an age range of 24 to 44 weeks gestation. The values obtained 
were as follows: five children of under 28 weeks gestation, L.V. mean, 1-12 g., R.V. 1-8; 19 children 
between 28 and 31 weeks, L.V. 2-5 (o 1-19), R.V. 2:5 (o 1-43); 28 infants from 32 to 35 weeks, L.V. 





























EMERY AND MACDONALD 











7 i i i i 
UNDER 28 28-3) 32-35 36-39 40-43 WEEKS 
WEEKS 








WEEKS GESTATION 


Fic. 3.—Graph showing the mean L.V./R.V. weight ratios with their limits of trustworthiness 
against gestation age. 


2:5 (a 0-9), R.V. 2-5 (co 0-88); 42 infants from 36 to 39 weeks, L.V. 4-0 (o 1-8), R.V. 5-0 (02:5); and 
32 infants of between 40 and 43 weeks, L.V. 5:5 (o 1-67), R.V. 6°7 (o 2:0). 

In infants of gestation less than 32 weeks the right and left ventricular weights are almost equal, 
being 1-8 and 1-9 g. respectively; but from this time onwards the right ventricle gains weight more 
rapidly than the left until, by the 36th-40th week group, its weight is 5-0 g. compared with 4-0 g. 
for the left ventricle. In the infants of gestation 40-44 weeks there is apparently a Slight decelera- 
tion of right ventricular growth. Left ventricular increase has continued as before and the mean 
absolute right and left ventricular weights in these most mature infants are 6-7 g. and 5:5 g. 
respectively. 

The trends shown in the absolute weight curve are reflected in the weight-ratio graph. The ratio 
L.V./R.V. weight is greater than unity before the 31st week of gestation. Thereafter the more 
rapid weight gain of the right ventricle is reflected in a steep fall in the weight ratio which by 35 weeks 
has become less than 1. The fall continues until at 39 weeks it has reached 0-8 after which there is 
a slight rise in the mean ratio to a value of 0-85 in the gestation age group 40-44 weeks. 

Analysis by Crown-Rump Length, 103 cases, Fig.4 and 5. The cases were subdivided in intervals 
of 5 cm. into four crown-rump length groups over a range of 20-40 cm. The values obtained 
were as follows: 9 children, crown-rump length of 20-24-5 cm.: L.V. 1-4, R.V. 1-6; 20 children cf 
C.R. length 25—29-5 cm.: L.V. 2-4 (¢ 0-68), R.V. 2-6 (c 0-58); 45 children of C.R. length 30-34-5 cm : 
L.V. 3-7 (o 1:25), R.V. 4-4 (o 2:04); and 29 children of C.R. length 35-39-5 cm.: L.V. 5-9 (¢ 1-37), 
R.V. 7-3 (o 2:35). 

The weight curves (Fig. 4) show practically equal values for the two ventricles in the two smalle t 
groups of foetuses and they gain weight at equal rates. After a crown-rump length of 29 cm. tl: 
growth curves diverge and from 30 weeks onwards there is no overlap of the limits of trustworthine: 5 
of the mean weight of the two ventricles. 

The L.V./R.V. weight ratio curve (Fig. 5) shows a mean value of nearly 1-3 in the smalle:t 
infants and the lower limit is above 1. Between this group of cases and the next there is a stee ) 
fall in the ratio, bringing it below 1. It continues to fall less steeply to reach a value of 0-83 i 
infants of crown-rump length 35-40 cm. 






























)); and 


equal, 
f more 
4-0 g. 
celera- 
mean 
a> &. 


e ratio 

more 
weeks 
here is 


tervals 
tained 
lren cf 
Scm : 
+ 1-373, 


nalle t 
m. th: 
thine: 5 


nalle: t 
a stee ) 
83 i 











CARDIAC VENTRICLES IN INTRA-UTERINE LIFE 


mi 


GRAMMES 








20-24-5 25-295 30-345 35-39°5 CR. 
CROWN-RUMP LENGTH IN CM. 





Fic. 4.—Graph showing the mean right and left ventricular weights with 
their limits of trustworthiness, against crown-rump length. 
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Fic. 5.—Graph showing the mean L.V./R.V. ratios with their limits of 
trustworthiness against crown-rump length. 


There is a relative flattening in the ventricular weight ratio curve, towards normal “term” but 
there is no reversal of the falling trend between the two most mature groups of infants. 

Analysis by Body Weight, 78 cases, Fig. 6 and 7. The cases are divided in 500-g. steps into 
hody weight groups over a range of 500 to 4000 g. The values obtained were as follows: 9 children 
of body weight 500-999 g., L.V. 1-5 (¢ 0-45), R.V. 1-4; 14 children of body weight 1000-1499 g., 
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Fic. 6.—Graph showing the mean right and left ventricular weights with their limits of trust- 
worthiness against body weight. 
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Fic. 7.—Graph showing the mean L.V./R.V. weight ratios and their limits of trustworthiness, 
against body weight. 


L.V. 2:3 (c0-20), R.V. 2-6 (o 0-45); 13 children of body weight 1500-1999 g., L.V. 3-0 (o 0-7!), 
R.V. 3-7 (o 1:1); 13 children of body weight 2000-2499 g., L.V. 4:3 (o 1-12), R.V. 4-9 (¢ 1-95; 
9 children of body weight 2500-2999 g., L.V. 4:3 (¢ 0-79), R.V. 6:2 (o 1-14); 15 children of box y 
weight 3000-3499 g., L.V. 5-9 (o 1-0), R.V. 7-4 (¢ 4:51); and 5 children of body weight 3500-3999 ¢ , 
L.V. 6°8 (o 1:05), R.V. 7-9 (o 2-15). 

The average weights (Fig. 6) of the two ventricles are almost equal in the infants of from 500 | > 
999 g. Over this weight the right ventricle shows the greater increase in weight until in infants : f 
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3000-3499 g. its average weight is 7-4 g. Between this group and the final one the mean value 
‘or the right ventricle shows a slight diminution in weight gain, but the significance of this cannot 
ye proved within the wide limits of trustworthiness of this mean and the one preceding it. 

The left ventricle weight shows an irregular gain with relatively narrow limits of trustworthiness. 
‘he left ventricular weight is consistently lower than the right and in infants of 3500-4000 g. it has 
eached only 6°8 g. 

The L.V./R.V. weight ratio (Fig. 7) shows again the high ratio in the least mature infants (1-13) 
illing below unity to reach 0-89 in the infants of 1000-1499 g. It then levels off and there is a 
light rise to 0-9 in the heaviest group of infants. 


DISCUSSION 


In the material presented here, using one population, we have shown different growth curves 
ith different criteria of measurement of the whole child. This is due to the same infants falling 
ito different groups in different analyses. Thus these curves are not directly comparable, but any 
-ature common to them all has much greater significance. 

Absolute Weights. The analysis by gestation age shows little difference in the weight gain with 
ide overlap of the limits of trustworthiness of the two curves until the 35-weeks stage. From then 
mwards the right ventricle gains weight more rapidly than the left, though it shows a slight decelera- 
ion between the last two groups. In this analysis the left ventricle is slightly the heavier until the 
ge of 27 weeks, when the two weights become equal and then from 31 weeks onwards the right 

ventricle is increasingly the heavier. 

The crown-rump length analysis shows an equal increase in weight of the two ventricles between 
the first two crown-rump length of 29 cm. Thereafter the two weight curves diverge and though 
both show continuous increase of weight, that of the right ventricle is the greater. 

In the body weight analysis the curves show the same general pattern. There is equality of right 
and left ventricular weight in the least mature infants, followed by more rapid right ventricular gain 
and then a slight deceleration of weight gain by this ventricle in the most mature infants. 

L.V./R.V. Weight Ratios. In each of the analyses the mean L.V./R.V. ratios in the least mature 
infants are greater than one. In two of them the lower limit of trustworthiness of the mean falls 
just below unity, and in the other it is well above. This indicates that in foetuses of gestation age 
under 32 weeks, crown-rump length less than 25 cm. and body weight less than 1000 g. the ven- 
tricles are about equal in weight, but with a strong probability that the left ventricle is the heavier. 

All three analyses show that soon after these levels of development have been achieved there is a 
rapid reversal of the ratio to less than one. After the initially rapid fall there is a flattening of the 
mean ratio curve. 

In two of the three analyses a reversal in the direction of the mean ratio curve occurs in the 
most mature infants so that it again begins to approach unity, anticipating the post-natal reversion. 
This is an extremely interesting finding which could have an important bearing on the hazards 
of so-called “‘ post-maturity’’. In this series of stillborn infants the terminal rise in the ratio cannot 
be proved significant within the calculated limits of trustworthiness of the means. It seemed 
possible that an addition to the number of cases in each group might increase the trend if it was 
significant. To achieve larger numbers, data from 40 live born infants who had died within the 
first twenty-four hours of birth were included in the two most mature groups in each of the three 
analyses. 

The results of increasing the numbers in these two groups was that in the gestation-age analysis 
the rise in the ratio between the two most mature groups was exaggerated and became significant 
within the calculated limits of trustworthiness. In the body weight analysis the upward trend 
increased a little but not sufficiently for proof of its significance. In the crown-rump length group 
the downward trend continued and slightly increased. The effect of adding to the number of 
cases in each group by this means was to increase the trends already found in the stillborn 
foetuses. 
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SUMMARY 


At a stage of maturity that corresponds with 24-28 weeks gestation, a crown-rump length of 
20-25 cm., and a body weight of 500-1000 g., the two heart ventricles are of roughly equal weight. 
Prior to this time the left ventricle is usually heavier than the right. Thereafter, the more rapid 
right ventricular gain in weight that has already been described by a number of workers is 
confirmed. In children of over 39 weeks gestation and 3000 g. a reversal of the right ventricular 
preponderance seems to commence. This may be a physiological anticipation of the post-natal 
reversion to left ventricular preponderance or an indication of post maturity. 





We have pleasure in acknowledging the statistical guidance of Dr. G. Jowett, head of the Department of Statistics, 
University of Sheffield. Dr. M.S. Macdonald was working under a grant from the Medical Research Council. The 
photographs were taken by Mr. P. Rickus. 
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Pulmonary hypertension in chronic pulmonary disease is due mainly to the impairment of the 
ilmonary vascular bed. It is still doubtful, however, whether neuro-humoral factors also partici- 
ite in the genesis of this hypertension. Because of the difficulties of the methods that have to be 
ed in the study of this problem, little is known about the autonomous regulation of the lesser 
rculation in man. Lately there have been some attempts to extend our knowledge in this field 
y pharmacological investigations of the lesser circulation. 

Most of the authors have dealt with pulmonary hypertension in congenital or acquired heart 
isease. Several substances have been employed as e.g. TEAB (Davies et al., 1954; Scott et al., 
955), hexamethonium (Gilmore et al., 1952; Judson et al., 1954; Wade et al., 1956), theophyllin- 
chylendiamin (Storstein et al., 1958), regitin (Storstein et al/., 1957), serpasil (Halmagyi et al., 1957), 
cetylcholin (Harris, 1957; Séderholm and Werk6, 1959; Wood, 1957), procain (Gottsegen et al., 

959) and priscol (Braun et al., 1957; Dresdale et al., 1951; Dresdale et a/., 1954; Rudolph et al., 
1958). 

The genesis of hypertension in congenital and acquired heart disease, however, differs from that 
of hypertension in cor pulmonale. Little attention has been paid to pulmonary hypertension in 
cor pulmonale so that the number of studies concerned with the pharmacology of this problem is 
small. The only substances to be used in sufficiently large groups of subjects with cor pulmonale 
have been TEAB (Fowler et a/., 1950) and hexamethonium (Malamos et al., 1957; Sancetta, 1955). 
However, results are difficult to assess since the doses of these substances used lowered systemic 
blood pressure. An attempt was therefore made to affect pulmonary hypertension in cor pul- 
monale pharmacologically by employing a substance that would lower pulmonary arterial blood 
pressure without substantially affecting systemic blood pressure. Since it was found (Widimsky 
et al., 1959) that priscol fulfils these requirements, the effect of this drug upon patients with cor 
pulmonale has been investigated in greater detail. 

Methods. Fifteen patients with pulmonary disease, 11 of these with pulmonary hypertension 
at rest, within an age range of 21-68 years were investigated by catheterization of the pulmonary 
circulation. One day before catheterization the following premedication was applied: pheno- 
barbital 0-06 g. natr. bromati 0-6 g., chinidini sulphur 0-2 g., and on the day of catheterization 
phenobarbital 0-03 g., natrii bromati 0-3 g., and chinidini sulphur 0-1 g. were administered. Cathe- 
terization was performed in the usual manner, always in the morning. The catheter was introduced 
into the pulmonary artery and a Cournand needle was introduced into the femoral artery. Pul- 
monary arterial pressure, systemic blood pressure (Riva-Rocci, right arm), and pulse rate were 
measured. Pressures in the lesser circulation were measured with an electromanometer of Elema 
type and recorded with an Elema-42 mingograph, and the mean pressure was determined by elec- 
trical integration. Mean systemic blood pressure was estimated by adding one-third of the 
pressure amplitude to the diastolic pressure. Pulmonary arterial blood pressure, pulse rate, and 
systemic blood pressure were measured at 5-minute intervals for a total period of 20-30 minutes. 


* With the technical assistance of E. Blahutova. 
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At the end of this period of 20-30 minutes, oxygen consumption was measured. The expired air 
was collected for 3—5 minutes in Douglas bags and analysed with a Zeiss interferometer. During 
breathing into these bags pressures were again measured and simultaneously blood samples were 
drawn from the pulmonary and femoral arteries. Arterial oxygen saturation was estimated with 
a Brinkman hemoreflectometer (Kipp-Delft). Blood hemoglobin was done photometrically. 
Cardiac output was determined by the direct Fick method. In 9 patients pulmonary capillary 
venous pressure also was recorded. 

After this initial period a dose of 10-30 mg. of priscol dissolved in 10 ml. of saline was injected 
into the pulmonary artery through a catheter. Pulmonary arterial pressure, systemic blood 
pressure, and pulse rate were recorded immediately after injection and 1, 3, 5, 10, 15, and 20 minutes 
thereafter. Oxygen consumption was measured in the 8—12-minute period in 6 patients. Since, in 
accordance with reports (Rudolph et al., 1958) priscol application was without effect on oxygen 
consumption in these 6 subjects, oxygen consumption in the remaining 9 patients was measured 
only prior to priscol injection. Blood samples were taken 5, 10, and 15 minutes following injection. 
In 9 patients the measurement of pulmonary capillary venous pressure was repeated in the tenth 
minute. 

RESULTS 


Table I shows the clinical data of the individual patients. Table II presents the results. All 
values in the latter table refer to the 10th minute following injection, when in most of the 
patients pulmonary arterial pressure changes were greatest. In 12 patients the mean pulmonary 
arterial pressure decreased and in the remaining three practically no change was observed: no 
increase in pulmonary arterial pressure was observed. In 9 of the 15 patients the fall in pressure 
exceeded 10 per cent of the initial level, and in 5 priscol caused a return to normal of the 
pulmonary arterial pressure. Pulmonary capillary venous pressure, as far as it was measured, 
showed in the majority of cases a small rise, so that there was a distinct decrease in pressure gradient 
across the lesser circulation. Respiratory changes in pulmonary blood pressure were unaffected 
by priscol. Mean systemic blood pressure remained practically unchanged (11 cases): it increased 
in three cases and decreased only in one. 


- 


TABLE I 
CLINICAL DATA OF INDIVIDUAL PATIENTS 








Case No. Age and sex | Diagnosis | Priscol: dose 
in mg. 
1 40 F Chronic disseminated pulm. tuberculosis, emphysema 10 
2 57M | Chronic fibrocaseous pulm. tuberculosis 10 
3 63 M Chronic fibrocaseous pulm. tuberculosis | 10 
4 59 M Emphysema, chronic bronchitis 20 
5 54M Emphysema, chronic bronchitis 20 
6 | 57M | Chronic fibrocaseous pulm. tuberculosis 10 
7 | 32. ¥F | Chronic fibrocaseous pulm. tuberculosis 20 
8 55M Chronic fibrocaseous pulm. tub., multiple pulm. cysts 20 
9 21 F | Pulmonary fibrosis | 30 
10 68 M Chronic fibrocaseous pulm. tub., right thoracoplasty C. 4~7 20 
11 39M Thrombo-embolic pulm. disease, pulm. fibrosis 20 
12 68 M Chronic pulm. fibrocaseous tuberculosis 30 
13 60 M Chronic fibrocaseous pulm. tub., bullous emphysema 30 
14 59M Silicosis 20 
15 56 M | Silicosis 20 





Cardiac output increased in 10 patients, remained substantially unchanged in 4, and decrease 
only in 1 patient. A decrease in total pulmonary resistance by more than 10 per cent wa 
observed in 13 patients, and in 2 it was practically unchanged. Pulmonary arteriola: 
resistance decreased in all patients by more than 30 per cent of the initial value. 
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Total peripheral resistance in the systemic circulation decreased in 8 patients, remained sub 
stantially unchanged in 5, and increased in 2 patients. Table II shows also the changes of th« 
average values and Fig. | presents percentage average changes. 
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Fic. 1.—Average changes in several hemodynamic factors after 
priscol, expressed as the percentage change of the initial values, 
increases above the line and decreases below it. Abbreviations 
as in notes to Table II, and PR=peripheral systemic resistance, 
and BP=blood pressure. 


The decreases in pulmonary arterial pressure and in total pulmonary and pulmonary arteriolar 
resistance were related to the corresponding initial values (Fig. 2, 3, 4). The higher the initial 
levels, the greater the decrease that could be expected. Right heart work was substantially un- 
changed: 6 times it decreased, 5 times it was unchanged, and 4 times it increased. 

Arterial blood oxygen saturation was changed by more than 2 per cent of saturation in 7 patients, 
in 5 of whom it increased, but in 8 patients the changes were less than 2 per cent. Pulse rate in 
10 patients was increased by more than 6 strokes a minute and in 5 patients no change was observed. 
Drops in pulmonary arterial blood pressure, and in total pulmonary and pulmonary vasculer 
resistances were also found at an elevated or unchanged total peripheral resistance (Table II : 
however, in cases where the latter had decreased, the former falls were greater but not statistically 
significant. 


DISCUSSION 


Priscol injection into the lesser circulation caused the following changes in most patients wit 
pulmonary disease: a decrease in pulmonary arterial blood pressure, a decrease in pulmona1 y 
vascular resistance, and a rise in cardiac output. A decrease in pulmonary vascular resistan: ¢ 
at a simultaneously increased blood flow has, according to numerous authors, to be assessed wil 1 
care. Experimental work on healthy dogs showed that the pulmonary bed is dilated by an 1 - 
creased blood flow so that there is a decrease in the calculated pulmonary resistance (Borst ef a: , 
1956; Edwards, 1951; and Williams, 1954). 
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Edwards (1951) compares the lung with a highly elastic bag, the resistance of which changes 
inversely with blood flow. Williams (1954) also found an increased resistance at low intravascular 
pressures, which he interpreted as a narrowing or closing of the vessels in some part of the pul- 
monary vascular bed. In a complex distensible low pressure system, such as the pulmonary vas- 
cular bed in healthy dogs, vascular lumen is minimal and some vessels are probably closed (Borst 
et al., 1956; Williams, 1954). In the period of great blood flow more capillaries are open and 
it is possible that their opening is stimulated by a raised pulmonary arterial blood pressure 
(Borst et al., 1956): changes in intravascular pressure due to changes in blood flow thus make the inter- 
pretation of resistance values difficult. These relations have been established in the lungs of 
healthy dogs, but it is highly doubtful whether they apply in a pulmonary vascular bed that is 
anatomically considerably limited, as in cor pulmonale. Moreover, the factors mentioned above 
act immediately, whereas the maximal effect on pulmonary arterial blood pressure was established 
in the tenth minute. 

It is, however, significant that decreases in pulmonary arterial blood pressure and in pulmonary 
vascular resistance after priscol could be found also in patients whose cardiac outputs were prav- 
tically unaffected or even decreased (patients 2, 3, 5, 7 and 11). 

In the observations of the above-mentioned authors there was always a rise in pulmona) 
arterial blood pressure at increased blood flows. In an anatomically impaired pulmona 
vascular bed in man also, there were always rises of pulmonary arterial blood pressure 
increased blood flows, e.g. during muscular work (Séderholm, 1957): this, however, w 
usually larger than in healthy subjects. In our observations priscol caused a fall in pulmona 
arterial blood pressure regardless of increased blood flow. Some authors (Cournand, 19: 
and 1957, and Judson et al., 1954) object that the fall in pulmonary arterial blood pressu 
that follows some drugs in men might be caused by a shift of blood from the less r 
circulation to the systemic circulation at a simultaneous fall of systemic peripheral resistanc . 
Against this mechanism the following arguments may be put forward: (1) the decreases 1 
pulmonary vascular resistance and in total pulmonary resistance and pulmonary arterial bloc 1 
pressure could be found also in 7 patients where there was no substantial change in peripher | 
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resistance or where the latter had even increased (patients 2, 3, 4, 5, 7, 10, 11); and (2) the fall in 
pulmonary arterial blood pressure combined with an increase in pulmonary capillary venous 
pressure cannot be explained by a decrease in the pulmonary blood volume (Harris, 1957). 

Nor can bronchial constriction account for the pressure changes in the lesser circulation. This is 
‘orne out by the fact that priscol is without effect on ventilation and oxygen consumption (Rudolph 
et al., 1958) and that, according to our observations, respiratory variations in intravascular pressure 

1 the pulmonary circulation remained unchanged. 
In contrast to reported data (Braun et al., 1957; Dresdale et al., 1954; Séderholm and Werké, 
959; Storstein et al., 1958) a fall in arterial oxygen saturation was not met with as frequently as 
| as been reported after the use of hypotensive drugs. Only in 5 patients was there a significant 
fall in arterial oxygen saturation and this might be due to a shift in ventilation-perfusion ratio, 
i1 the sense of increased blood flow through the poorly ventilated areas (Dresdale, 1951 and 1954; 
‘déderholm and Werké, 1959). 

The hemodynamic reaction observed in the lesser circulation may be explained, we believe, purely 
ly a dilatation of the pulmonary vascular bed due to priscol either by a blockade of sympathetic 
| yperactivity and/or by a local effect on the pulmonary bed. The extent of this hemodynamic 
12action depends on the initial level. The greater the initial pressure values in the pulmonary artery, 
tie greater was the decrease that could be expected. This is in agreement with the findings of 
cther authors on the pharmacology of pulmonary hypertension in mitral stenosis (Braun et al., 
1957; Gottsegen et al., 1959). These findings are, according to Harris (1957), accounted for by 
t1e fact that only the hypertrophied muscles of the pulmonary vessels that are found in pulmonary 
lL ypertension of various origins are capable of significant relaxation and contraction. Patel (1958), 
Lowever, advances a different explanation. The finding of a higher increase in pulmonary vascular 
resistance due to nor-adrenalin infusion in healthy subjects than in patients with impaired 
pulmonary vascular resistance is explained by a decreased contractive ability of the abnormal 
pulmonary bed. Patel’s data, however, may also be interpreted in just the opposite way, i.e. by 
assuming that contracted vessels are less affected by nor-adrenalin. 

Priscol application thus demonstrates the functional factor of hypertension in cor pulmonale. 
The therapeutic effect of priscol in cor pulmonale is doubtful since the changes in the pulmonary 
arterial pressure observed are merely of a maximum duration of 10-15 minutes. The possible signifi- 
cance of priscol in differentiating between anatomical and functional components in cor pulmonale 
cannot be excluded. Here it has to be borne in mind that in 5 patients (5, 8, 9, 13, and 14) there 
was even a temporary return to normal of pulmonary arterial blood pressure. These observations 
show that the functional factor may be decisive in the genesis of pulmonary hypertension as has 
already been suggested by some post-mortem findings (Dresdale etal., 1951). The data presented 
show again that pharmacotherapy of pulmonary hypertension in cor pulmonale may become 
justified though a suitable substance has still to be found. 


SUMMARY 


The injection of priscol (10-30 mg.) into the pulmonary artery was investigated in 15 subjects 
with pulmonary disease, 11 of whom had chronic cor pulmonale. Significant decreases of pul- 
monary arterial pressure, pulmonary vascular resistance, and total pulmonary resistance occurred 
in most of them. Systemic arterial pressure remained unchanged. The response to priscol was 
related to the initial level of pulmonary arterial pressure and total pulmonary and pulmonary 
vascular resistance. Arterial oxygen saturation and systemic peripheral resistance did not show 
any consistent changes. It is possible that the decrease of pulmonary arterial pressure was due to 
vasodilatation in the periphery of the pulmonary arterial tree. 
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The valve of the inferior vena cava is one of the most variable structures in the body, and has 
tracted sporadic interest for four centuries. Eustachius, writing in 1563, was the first to 
escribe and classify its variations: he found that the valve was either partly replaced by inter- 
icing fibres or consisted of a crescent of tissue or was minute. The valve was rediscovered by 
arious authors for the next 300 years; and in the latter part of the nineteenth century, attention 
as focused on the more bizarre forms. Lauenstein (1876), when examining a hundred hearts, 
ound five in which the valves of the inferior vena cava and the coronary sinus were formed from 
continuous web of tissue; four of these valves were fenestrated. 

Chiari described 11 cases in which the valve of the inferior vena cava, the Eustachian valve, was 
epresented by networks with attachments to the superior vena cava and to the tubercle of Lower. 
While the Eustachian valve was usually derived only from the right venous valve, he claimed that 
networks with these widespread attachments were derived also from the embryonic septum spurium. 
He suggested that the network could act as a filter for thrombi that would otherwise affect the 
lung. 

Several isolated instances of networks with these attachments have been reported since, and 
four more useful papers, in which a series of hearts has been examined, have also appeared. Yater 
(1929) found 11 large networks in the right atria of 120 hearts, and suggested that they could act 
as sources of thrombus formation. In a later paper (1956) he described how an embolus from the 
right femoral vein had become ensnared in such a network, and there were further emboli in the 
lung. Helwig (1932) found 8 large nets in 460 hearts, while Gresham (1957) found 4 in 260 adult 
hearts. Wright et al. (1948) have classified their findings rather differently and found either 
large fenestrated valves or valves with attached fibres in 5-6 per cent of 512 hearts. These latter 
authors and Yater did not describe the involvement of the septum spurium in all cases where there 
was a network, as did other writers including Chiari and Gresham: Helwig and Looser (1902) 
state that the networks Chiari reported in 1897 were derived only from the right venous valve. 
Owing to the wide variation in these structures, the classifications differ from paper to paper. 

That networks associated with the valve of the inferior vena cava are quite common is not 
generally realized, partly perhaps because this part of the heart is frequently damaged when being 
removed from the chest at necropsy. 

PRESENT STUDY 


We have examined 100 hearts that were removed with the inferior vena caval orifice intact 
from bodies undergoing routine necropsy. They were not in any way selected. In 85 of the cases 
clinical notes were available and electrocardiograms had been taken in 33 of them. 

The following variations of the Eustachian valve were seen. 

Group I. Three cases: neither ridge nor valve guarded the inferior vena caval orifice. 

Group II. Eight cases: a ridge (the posterior part of the sinus septum) alone was present. 

Group III. Nine cases: there was a small valve with no underlying ridge. 
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Group IV. Eighty-three cases: both ridge and valve were present; in 24 of these the valve wa 


either fenestrated or replaced, largely, by fibres. 12, 
These 24 cases have been further analysed according to their pattern and attachments, and al 
are illustrated by free-hand drawings as shown in Fig. 1. L, 
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Fic. 1.—Diagrams of 26 Eustachian Valves. (A) Widespread networks made up of fibres. (B) Attachments beyor 
the caval orifice. (C) Small valves with wide attachments. (D) Other valves with common Eustachian ar 
Thebesian valve. (E) Small, fenestrated valves. 

S.V.C.=superior vena cava. S.S.=septum spurium. F.O.=fossa ovalis. 
L.V.V.=left venous valve. 1.V.C.=inferior vena cava 
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In 10 cases the valve was fenestrated, but had no attachments beyond the caval orifice (Cases 5, 


In 3 cases a small fenestrated valve was found with attachments beyond the caval orifice (Cases 
1, 68, 91). 

In 5 cases there were larger fenestrated valves, in two instances with convex upper borders, and 
ith attachments beyond the caval orifice (Cases 49, 56, 72, 75, 88). 

In 6 cases the valves were represented by fibres rather than fenestrated, with widespread attach- 
rents (Cases 10, 18, 21, 32, 53, 69). 

In 12 cases there was continuity of tissue between the Eustachian and Thebesian valves (Cases 
J, 18, 21, 53, 49, 72, 75, 88, 68, 91, 38, 92). 

In none of the hearts in this series was there connection between the valve of the inferior vena 
iva and the upper end of the crista terminalis, in front of the superior vena cava, as described by 
ooser, by Yater, and by Wright et a/. In several instances (including Case 32) an isolated crest of 
ssue projecting about 2 mm. into the right atrium ran down from this part of the crista terminalis 
) the septal wall. Fenestrations of the Thebesian or coronary valve were even more common, 
ccurring in a total of 37 cases. 

The proportion of 24 cases out of 100 having fenestration of the Eustachian valve agrees 
osely with that of Gresham, who reports a proportion of 25 per cent, but is much higher than in 
1e series of Wright et al., in which only 7 per cent showed fenestration of this valve. 

The question of thrombus formation, or delay, has been raised by several authors, as men- 
ioned earlier. It would seem likely that the valve fenestrated by small holes might act as a sieve 
or the filtering of emboli, although in those valves with redundant tissue such as Cases 21 (Fig. 2), 





Fic. 2.—Chiari network at inferior venacava. Note 
continuity of tissue between the Eustachian 
and Thebesian valves. 
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49, and 56, the embolus might be shaken off as the valve moved in the atrial currents. There wa 
no evidence of ante-mortem thrombosis adherent to any of this type of valve, nor were there pul 


monary infarcts. 


When the valve was largely represented by fibres, sometimes whorled or knotted 


thrombus formation was to be expected, and amongst the fibres of two such cases (10 and 53 
firm, adherent ante-mortem thrombi were found. Case 10 had had atrial fibrillation fo 
six months before her death at 80 years of age, and the network was the only site of atrial throm 
bosis. The fibres in Case 53 (Fig. 3) were so tightly stretched across the atrial cavity as to act a 





Fic. 3.—Chiari network with ante-mortem thrombus 
enmeshed and with coiling of fibres. There is 
continuity of tissue between the Eustachian and 
Thebesian valves. 


an obstruction to the flow of blood, but there were no symptoms of such obstruction in the patient 


before death. 


In three of our series (Cases 10, 32, and 53) it seemed that the fibres of the ne 


work were torn during life. In each case fibres were whorled round another strand of the networ «. 


This was the site of thrombus formation in Case 10, and in Case 32 an additional free loop hu: ; 


from the middle of the longest strand. It appears possible that such strands could break free duri: 
life, although being so fine it is unlikely that they would cause symptoms when lodging in a sm: 
branch of the pulmonary artery. Fibres of the Thebesian valve were the site of thrombus formati: 


in eight cases. 


Gresham, with support from Jordan, has suggested that the tissue of the network may condi 
the atrial impulse. When the network stretches superiorly as far as the superior vena cava, 
passes close to the region of the sinu-atrial node described by Keith and Flack (1907). In ty 
foetuses, 16 and 21 cm. long, examined by Oppenheimer and Oppenheimer (1912) the no 2 
was found in close relation to the base of the venous valve, giving embryological support to Gre - 
ham’s hypothesis. The latter has demonstrated muscle and nerve tissue in some of the networks 
describes. The finding of a varying P-R interval in the electrocardiogram of one of his cases 
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probably incidental; at any rate, its significance is difficult to assess as he does not state the nature 

of the irregularity nor its duration. Electrocardiograms taken in four patients in our series (Cases 

i, 49, 53, 61) with networks having attachments near the superior vena cava showed each a constant 
R interval. 

In order to follow the discussion of the embryological origin of the networks of the right atrium 
tv Wright et al. (1948) and earlier writers, it is necessary to trace the sites of the primitive valves in 
te adult heart. Tandler (1912) and Odgers (1935) have illustrated the valves between the sinus 
i 


a) 


nosus and the atrium in the embryo of 5-10 mm. The venous valves, of which the right is the 
‘ger, encircle this orifice and project into the atrial cavity. They are united superiorly by a crest 
tissue, the septum spurium, which runs forward at right angles from this attachment, under the 
rial roof, projecting for a variable distance into the atrial cavity. At 9 mm. the septum spurium 
deep, but then starts to regress in favour of the right venous valve. This latter valve in embryos 
ym 13-30 mm. in length is so deep as to project across two-thirds of the atrial cavity (Streeter, 
148; Licata, 1954). Later, by the appearance and coalescence of fenestre this valve regresses. 
" ye superior vena cava in the earliest embryos in which it can be identified opens into the right 
rn of the sinus venosus. This horn is then taken up into the main part of the sinus venosus, 
\ hich lies then directly behind the right atrium. At this stage the regressing septum spurium forms 
thin crest anterior to the superior vena cava (25-30 mm. embryo). The right venous valve extends 
om this position downwards, with its base attached first to the lateral margin of the superior vena 
iva, and then to the postero-lateral wall of the atrium, before bounding the orifices of the inferior 
vena cava and coronary sinus. Anteriorly, in a 50-mm. embryo of our own the valve extended to 
ie atrial septum, as does the anterior strand of Case 53, who died at the age of 45 years. Usually 
\e upper part of the valve regresses completely, leaving narrow and unconnected Eustachian and 
‘| hebesian valves. 

The left venous valve, bounding the medial wall of the sinus venosus, becomes attached to the 
atrial septum. Remnants of this valve were seen in three hearts (Cases 32 and 68; also Case 15, not 
illustrated): in these there were trabecule at the base of the foramen ovale. 

It appears then that only those networks with attachments anterior to the superior vena cava 
can be said to be derived in part from the septum spurium. Few authors make this distinction 
when describing these networks and their illustrations do not show clearly the extent of the network 
attachments. Although networks of the Eustachian valve are quite common, those with such 
widespread attachments are very rare; Wright et al. (1948) found only one case in their series of 512 
hearts, and there is no such network in our series. The isolated crest of tissue running from the 
upper end of the crista terminalis on to the atrial wall, seen in the heart of Case 32 and in several 
other hearts, is probably a remnant of the septum spurium. Chiari’s name is used generally for 
the widespread nets to which he first drew attention and it should be retained, although few of these 
are derived in part from the septum spurium as he had supposed. 

In conclusion, it appears that these interesting networks are quite common. When reduced 
to narrow fibres they may be sites for thrombus formation, especially when there is atrial fibrillation. 
The fibres of the network are sometimes torn during life, and may break free. The fenestrated 
types may rarely remove emboli from the circulation, but this is purely by chance, and further 
emboli are likely to reach the lung. The Eustachian and Thebesian valves should be examined 
routinely by pathologists at autopsy, care being taken to open the right atrium by an antero-lateral 
cut. 


A & oo 


SUMMARY 


The variation of the Eustachian valve in 100 routine autopsies is discussed and instances 
are given in which the valve has been the source of thrombus formation. In other instances the 
valve had become torn during life. Various reports on this subject are reviewed and the embryology 
is discussed. 


POWELL AND MULLANEY 


REFERENCES 


Chiari, H. (1897). Beittr. path. Anat., 22, 1. 

Eustachius, B. (1563). Opuscula Anatomica. 

Evangelisti, T. (1940). Arch. Vecchi per anat. path. med. clin., 2, 895. 

Franklin, K. J. (1948). Cardiovascular Studies. Blackwell, Oxford. 

Gresham, G. A. (1957). Brit. Heart J. 19, 381. 

Helwig, F. C. (1932). Amer. J. Path., 8, 73. 

Jordan, W. R. (1926). Arch. Path., 2, 840. 

Licata, R. H. (1954). Amer. J. Anat., 94, 73. 

Lauenstein, C. (1876). Virchows Archiv. path. Anat., 68, 632. 

Looser, E. (1902). Quoted by Yater (1929). 

Odgers, P. N. R. (1935). J. Anat., 69, 412. 

Oppenheimer, A., and Oppenheimer, B. S. (1912). Anat. Rec., 6, 487. 

Patten, B. M. (1953). Human Embryology, 2nd ed. Churchill, London. 
Streeter, G. L. (1948). Contribution to Embryology 32. Carnegie Inst., Wash. 
Tandler, in Mall, F. P. (1912). Human Embryology. Lippincott & Co., Philadelphia and London. 
Wilson, R. (1938). J. Amer. med. Ass., 111, 917. 

Wright, R. R., Anson, B. J., and Cleveland, H. C. (1948). Anat. Rec., 100, 331. 
Yater, W. M. (1929). Arch. Path., 7, 418. 

—— (1956). Amer. Heart J., 11, 542. 











uri 


10. 


to 








PROCEEDINGS OF THE BRITISH CARDIAC SOCIETY 


The THIRTY-NINTH ANNUAL GENERAL MEETING of the British Cardiac Society was held at the London 
{ospital on Thursday, May 26, 1960. The President, MAURICE CAMPBELL, took the Chair at 9.30 a.m. 


ng Private Business, before handing over to the new President, EVAN BEDFORD. WILLIAM Evans, the 


‘hairman, took the Chair at the beginning of the Scientific Meeting. 180 members and 55 visitors were 
resent. 


PRIVATE BUSINESS 


. The Minutes of the last Autumn Meeting, having been published in the Journal (22, 300, 1960), were taken 


as read and confirmed. 


. The President reported that Dr. Samuel A. Levine of Boston had given the Society $1500 to found a 


Thomas Lewis Lecture to commemorate the great influence of Sir Thomas Lewis on modern cardiology 
and the gratitude felt by himself and other American Physicians for what they had learnt when 
working with Lewis. The British Cardiac Society wished to put on record their great gratitude to Dr. 
Samuel Levine for his kind and appropriate thought and for his most generous gift. 

Dr. Tom Cotton said that, subject to Dr. Levine’s approval, he would like to give $1000 to the 
endowment, so associating Canada with America in this gift, and this was accepted with acclamation. 
(This approval has subsequently been received.) 


’. The President reported the progress of the British Heart Foundation. Lord Alexander of Tunis, O.M., 


had gladly accepted the post of President and had attended the last Meeting of the Founding Commit- 
tee, which had now been strengthened by the addition of six lay members. 

The Memorandum and Articles of Association, prepared by Mr. C. F. Cooper, had now been 
approved by the Founding Committee and were being submitted to the Board of Trade, so it was 
hoped that the Foundation would soon become a legal entity. 


. Evan Bedford was elected and acclaimed President of the Society, and thereupon took the Chair. 
. Maurice Campbell was elected and acclaimed an Honorary Member of the Society. 
. The Balance Sheet for 1959-60 was presented, having been audited and found correct by Campbell and 


Evans. The credit balance on March 31, 1960, was £249 18s. 9d. In addition the Society had £350 
on deposit at the Westminster Bank and held £800 24 per cent Savings Bonds, 1964/67. 


. Brigden and Wood were elected Members of the Council in place of the two retiring members. 
. Doris Baker and Duthie were elected Extra-Ordinary Members of the Society. 
. The following Associate Members were elected as Ordinary Members: 


J. R. Belcher A. C. MacDonald B. B. Milstein 

P. Harris C. S. McKendrick T. Semple 

C. B. Henderson J. Mackinnon G. B. Shaw 

G. de J. Lee M. B. Matthews A. W. W. B. Woods 


The following new Ordinary Members were elected and introduced to the President and Chairman: 


J. M. Barber (Newtownards) 
D. Verel (Sheffield) 
. The following new Associate Members were elected and introduced to the President and Chairman: 
N. Coulshed (Liverpool) G. Howitt (Manchester) 
L. A. G. Davidson (Birmingham) A. Johnson (London) 
H. A. Fleming (Cambridge) M. Towers (London) 


T. Honey (London) 


. It was agreed that Rule 8 should be altered to read: 


Extra-Ordinary Members shall not exceed 40 in number; they may be... . 


3. The Third European Congress of Cardiology to be held in Rome, from September, 18 to 24, 1960. 
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15. The Annual General Meeting to be held at Bristol on Thursday, April 13, 1961, the day before the 
Meeting of the Association of Physicians, under the Chairmanship of Bruce Perry. 


DEMONSTRATIONS were held in Hall adjoining the Conference Hall (see page 590). 


The Board of Governors of the London Hospital generously invited the Society to lunch and also gave 
them coffee and tea. 

The Society dined together with William Evans in the Chair at the Apothecaries’ Hall. After dinner 
the Chairman welcomed the guests and J. K. Rennie proposed the health of the Chairman. Bedford anc 
Wright proposed the health of the retiring President, Maurice Campbell, and Campbell replied. 


SCIENTIFIC COMMUNICATIONS 
Two Historic NECROPSIES 
By T. F. Cotton 


The story of these two necropsies is remarkable for the state of preservation after more than a thousand 
years. Both were peat-bog burials, the first a girl thought to be about 15, in Schleswig-Holstein from 
prehistoric times (about 2000 years ago), and the second a young woman of about 25, in Upper Bavaria 
froma later period (probably about 1000 yearsago). Inthe first, only the brain was well preserved and there 
was an unusually high cholesterol content. In the second, however, all the organs were extremely well- 
preserved and normal, so that even on histological examination it was rare to find any signs of necrosis. 
The photographs of the heart that were shown looked as if they might have come from any recent necropsy 
on a healthy young woman. 


Dye DILUTION CURVES IN THE DIAGNOSIS OF CONGENITAL HEART DISEASE 
By J. P. Shillingford 


Published in full: Brit. Heart J., 22, 533, 1960. 


NON-LUETIC ANEURYSMS OF THE GREAT VESSELS IN YOUNG NIGERIANS 
By D. Abrahams 


Seven instances of aneurysms of the great vessels in young Nigerians were presented. In several of these 
the lesions were multiple. The physical signs were described, together with serological, biochemical, radio- 
logical and angiocardiographic data. Some histological evidence was available, and the possible etiological 
factors were discussed. 


THE SURGICAL TREATMENT OF VENTRICULAR SEPTAL DEFECT 
By H. H. Bentall and L. L. Bromley (both introduced) and W. P. Cleland 


The indications for, and results of, operation in the first 50 patients to have a ventricular septal defec: 
treated at Hammersmith Hospital were presented. 

Pulmonary vascular disease was a most important factor in determining operability. In 35 patient: 
with a pulmonary arteriolar resistance of under 8 units the operative mortality was 6 per cent, but in the 1: 
with a resistance of over 8 units the mortality was 25 per cent. In assessing the severity of pulmonar; 
vascular disease various clinical signs are as useful as the catheter evidence of resistance. A Jong systoli: 
bruit, an obvious left ventricular thrust, a long mitral diastolic murmur, and deep Q waves in V5-V7 ar: 
all favourable signs. 

Associated anomalies comprised patent ductus in 16 per cent, aortic regurgitation 10 per cent, pulmonar: 
stenosis 4 per cent, and atrial septal defect 4 per cent. The defect was solitary in 43 patients and the sit 
was infra-cristal in 37, supra-cristal in 2, muscular in 2, tricuspid in 1, and of the left ventricular-right atria 
type in 1. In 7 patients more than one defect was present, the commonest combination being infra-crista 
and tricuspid. Most of the defects were treated by direct suture but when they were over 2 cm. a Teflo: 
patch was preferred. Illustrations of the suturing technique were shown. 

Nine patients (18°%) developed complete heart block and it was permanent in 3, of whom two are doin; 
well and one has died, three months after discharge. In 7 patients (149%) a left-to-right shunt persiste: 
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after operation. In two it was due to a large second defect being overlooked at operation, but subsequently 
found, at a second operation in one and at autopsy in the other. In two others a second defect is presumed 
bit not proved. In a further two the defect was difficult to secure even with patches and a slight shunt 
remained. In the final patient the sutures cut out as soon as the heart re-started and the defect was patched 
a’ a second operation. 


Cavo-PULMONARY ANASTOMOSIS 
By F. R. Edwards 


In some forms of congenital heart disease ultimate direct surgical correction may be technically impossible. 
icuspid atresia, transposition of the great vessels with pulmonary stenosis, and the cyanotic group of 
tients with dextrocardia and multiple abnormalities are examples of this. A systemic-pulmonary anas- 
nosis of the Blalock type may be disappointing in these cases. An anastomosis between the S.V.C. and 
» pulmonary end of the right pulmonary artery, with division of the S.V.C. below the anastomosis, will 
a ow 40 per cent of the total venous return to pass directly through the lungs without any ventricular 
a tion. 

Certain limitations are apparent. (1) The diameter of the pulmonary artery should be two-thirds or 

n ore than that of the S.V.C. (2) Anincreased pulmonary resistance must not be present. (3) The presence 
a left sided S.V.C. must be determined. 

The technique of the operation was described shortly. Two cases of tricuspid atresia had been operated 
on by this technique six months and two months ago with excellent results. Follow up angio-cardiograms 
ow good flow through the right lung. Some more recent cases were mentioned. 
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THE DEFINITION AND MANAGEMENT OF FALLOT’S TETRALOGY 
By J. F. Goodwin and A. Hollman 


Of the classical four postulates, dextroposition of the aorta, although a real entity, cannot usually be 
demonstrated in life and does not significantly influence the clinical picture, and the right ventricular hyper- 
trophy is a secondary phenomenon. In defining the tetralogy therefore one need consider only the ventri- 
cular septal defect and the obstruction to right ventricular outflow. There is a wide spectrum of patients 
with this combination of lesions and the feature that delineates the typical tetralogy patient is the presence 
of severe pulmonary valve or infundibular stenosis with or without a small pulmonary artery. The severity 
of the outflow tract obstruction is best gauged by relating the resistance of the obstruction to that of the 
systemic circuit by seeing whether the patient has a right-to-left shunt, at rest or on exertion. Only patients 
with a ventricular defect and outflow obstruction who have an arterial oxygen saturation of below 85 per 
cent at rest or on exertion should be labelled tetralogy of Fallot. Surgical results should be presented 
according to whether the patient is cyanosed at rest or not. Anatomically there is a fairly constant and 
typical appearance in the tetralogy, with a large posteriorly placed defect separated from the outflow tract by 
a large anteriorly arching crista. In a few reported cases there has actually been pulmonary hypertension 
earlier in life, and fibrosis of the infundibulum is thought to account for the development of pulmonary 
stenosis. 

Illustrations were given of the operative findings and results in patients with the tetralogy of varying 
grades of severity. 


PERSISTENT TRUNCUS ARTERIOSUS 
By Olive Scott (introduced by J. D. Hay) 


The history, clinical findings, and differential diagnosis of 20 cases of persistent truncus arteriosus, 15 in 
infants and 5 in older children, were reviewed and discussed. X-rays and electrocardiograms were analysed 
to determine the help they may give in diagnosis, and the pitfalls of catheterization and angiocardiography 
in some of these cases were illustrated. 

Particular attention was given to the difficulties of differentiating this lesion from patent ductus arteriosus 
in the first few months of life. The importance of this differentiation was stressed because thoracotomy is 
often vital in cases of patent ductus but dangerous in the presence of persistent truncus arteriosus. In the 
older child differentiation has been from ventricular septal defect with left-to-right shunt, as well as from 
examples of the Eisenmenger syndrome. 
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INCISIONAL VENTRICULAR ANEURYSMS 
By W. F. Kerr and D. E. L. Wilcken (both introduced) and R. E. Steiner 


One hundred patients have had operations at Hammersmith Hospital for mitral, aortic, and pulmonar / 
stenosis in whom the ventricular approach has been used, a dilator being introduced through a small ir - 
cision in the wall of the ventricle. These patients have been followed for six months to six years since 
operation. Ventricular aneurysms developed in three patients and in a fourth a small one was found 
unexpectedly at a second operation. Three aneurysms were true and one was false. All were successfull y 
repaired. 

The diagnosis of post-traumatic ventricular aneurysm is discussed with reference to these patients. Tle 
clinical findings and the electrocardiogram are not often helpful, and radiology and especially angiocardiv- 
graphy offer the only certain methods of establishing the diagnosis. 

Evidence is presented to show that true aneurysms may be ascribed to necrosis of a localized area of 
myocardium in the region of the cardiotomy. They are thus consequences of infarction and are in the same 
pathological category as aneurysms complicating coronary artery disease. False aneurysms are believed 
to be the result of partial dehiscence of the suture line from infection, or strangulation of the wound edge 
by the stitches. The complications of traumatic aneurysms were reviewed and the principles of treatment 
were discussed. 


THE ASSESSMENT OF COARCTATION OF THE AORTA WHEN ASSOCIATED WITH VENTRICULAR 
SEPTAL DEFECT 


By C. P. Newcombe (introduced by J. R. H. Towers) 


Records of 26 cases having both a ventricular septal defect and coarctation of the aorta were studied 
at the Mayo Clinic. In 12 cases the ductus was closed (7) or joined the aorta proximal to the coarctation 
(5)—Group 1. In the other 14, a patent ductus joined the aorta distal to the coarctation—Group 2. 

In Group 1 the communications between pulmonary and systemic circulations tend to diminish upper 
body hypertension. The gradient across the coarctation persists and allows assessment to be made of the 
severity of coarctation when there is little elevation of brachial artery pressure. 

In Group 2 pressure may be equalized in right and left ventricles by the inter-ventricular defect and in 
pulmonary artery and descending aorta by the ductus; the gradient across the coarctation is thereby abolished. 
Abnormally high pulmonary artery oxygen saturation due to the inter-ventricular defect prevents develop- 
ment of differential cyanosis and neither coarctation nor ductus may be detected. 

Demonstration by oxygen saturation data or dye curves of coexistent left-to-right shunt at ventricular 
level and right-to-left shunt at ductus level proves the existence of obstruction between left ventricle and the 
junction of ductus and aorta, either aortic stenosis or coarctation. 


THE CIRCULATORY EFFECTS OF BRETYLLIUM (DARENTHIN) IN MAN 
By S. H. Taylor and K. W. Donald 


The circulatory effects of the acute parenteral administration of bretyllium have been studied in patients 
with hypertension or chronic rheumatic heart disease and in normal subjects. The cardiac output ard 
pulmonary and systemic arterial pressures were determined at rest and during supine leg exercise by con- 
ventional hemodynamic techniques, before and after administration of the drug. Changes in the region l 
circulations were studied at the same time. 

The doses of bretyllium administered to the hypertensive patients ranged from 40-600 mg.; the dri g 
was infused directly into the superior vena cava. The effect on the resting systemic blood pressure ws 
roughly proportional to the dose administered, except in two patients in whom profound falls in the restii g 
arterial pressure were observed even in the supine posture. After the administration of bretyllium, exerci ie 
was associated with a large fall in the arterial pressure in all patients, with a return to pre-exercise lev: 's 
almost immediately after it. The drug caused a small increase of the resting cardiac output and oxyg n 
uptake without changes in the output response to exercise. In patients without evidence of left vent i- 
cular insufficiency at rest, administration of bretyllium was followed by a rise in the pulmonary arter il 
pressure, a reduction in the pulmonary wedge pressure, and hence a considerable increase in the pulmona y 
vascular resistance and work of the right heart. In patients with a raised pulmonary wedge pressure at re \t 
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the drug caused a fall in the pulmonary arterial pressure but an even greater fall in the pulmonary wedge 
sressure; hence pulmonary vascular resistance was increased but the work of the right heart diminished. 
Bretyllium does not cause any appreciable change in the blood flow to the legs either at rest or during 
-vercise. However it severely impairs the normal vasoconstrictive response of the non-exercising arm during 
pine leg exercise. This blockade of vasoconstriction in the regions not involved in the exercise probably 
sults in the considerable fall in blood pressure observed during exercise. 
Normal subjects appear to respond to the drug in an essentially similar manner to that observed in the 
ily compensated hypertensive patients without evidence of heart failure. 
Small doses of the drug given to patients with chronic rheumatic heart disease is associated with an 
i crease in the resting cardiac output and oxygen uptake without measurable change in the cardiac output 
sponse to exercise. The effects on the pulmonary arterial and pulmonary wedge pressures are unpre- 
stable as is the effect on the pulmonary vascular resistance. After small doses of the drug there is fre- 
ently a small fall in the systemic arterial pressure which becomes much greater during exercise. This is 
sociated with well-marked changes in the peripheral circulation, due to partial or complete blockade of 
> vasoconstriction that occurs in organs and tissues not involved in the exercise. The integrated activity 
the regional circulatory adaptive mechanisms that is normally observed in patients with cardiac disease 
severely compromised by parenteral bretyllium. 


> om — 


THE SMALL PULMONARY ARTERIES IN SOME CARDIO-RESPIRATORY DISEASES STUDIED 
BY A NEw INJECTION METHOD 


By W. R. L. James and G. Owen (both introduced) and A. J. Thomas 
To be published in full: Brit. Heart J., November, 1960. 


DIGITALIS AS A CAUSE OF PAROXYSMAL ATRIAL TACHYCARDIA WITH ATRIO-VENTRICULAR BLOCK 
By Samuel Oram and Leon Resnekov and Paget Davies (both introduced) 

An important effect of over-digitalization on the atria is paroxysmal atrial tachycardia with atrio- 
ventricular block (PATB). This fact does not appear to be widely appreciated in this country. Over the 
past two years eleven patients have been collected in whom digitalis was considered to have played a major 
part in precipitating the arrhythmia. Conditions that render the production of the arrhythmia likely are 
discussed, and a regime is outlined by means of which it may be possible to differentiate PATB due to 
digitalis from that arising without digitalis. The potential seriousness of this arrhythmia when induced by 
digitalis is emphasized and an alternative to the acetyl-strophanthidin test, with its attendant dangers, is 
offered. 


THE BLEEDING TENDENCY IN CYANOTIC CONGENITAL HEART DISEASE 
By Jane Somerville (introduced) and Lawson McDonald 


Blood coagulation was compared under standard conditions in patients with cyanotic and acyanotic 
congenital heart disease and in normal people of the same age and sex. The cyanotic patients had Fallot’s 
tetralogy, pulmonary stenosis with reversed interatrial shunt, transposition, and tricuspid atresia; the acyano- 
tic patients had atrial or ventricular septal defects. In no patient was the pulmonary vascular resistance 
raised. Thromboplastin-generation, platelet stickiness, and prothrombin times with Russell’s-viper venom 
and with brain extract were investigated, and platelet and red cell counts, hemoglobin, packed cell volume, 
fibrinogen, and bleeding and clotting times estimated. 

In cyanotic congenital heart disease there was impaired thromboplastin-generation, closely related to the 
degree of polycythemia. Platelet count and fibrinogen estimation were sometimes low, and platelet sticki- 
ness increased. Important differences were not established in the prothrombin times or in the clotting and 
bleeding times. Findings appeared normal in the acyanotic patients studied. These results demonstrate 
a potential bleeding tendency in certain patients with cyanotic congenital heart disease. A fatal bleeding 
tendency may first be unmasked by operation. The possibility of this being related to these abnormal findings 
is being further investigated. 


THE SYNDROME OF THE LEFT VENTRICULAR TO RIGHT ATRIAL SHUNT 
By Ronald Gibson 


Four cases of this syndrome occurred in a series of 20 cases of septal defect submitted to surgery using 
cardio-pulmonary bypass. In three of these, there was a large ventricular septal defect with perforation or 
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fenestration of the septal cusp of the tricuspid valve. In one, there was a direct communication between the 
left ventricle and the right atrium and the ventricular septum was intact. 

The clinical, electrocardiographic, and radiological features of these cases were described. Catheter 
studies were made in all four cases before, and in three after operation. The diagnosis of this syndrome was 
discussed and the results of surgical treatment in these four cases were reviewed. 


THE INFLUENCE OF DIASTOLIC INJECTION ON THE CORONARY ANGIOGRAM 
By George Michell, J. G. Davies, and Keith Jefferson (all introduced by Leatham) 


Random injections of radio-opaque medium made just above the aortic valve do not always opacify th« 
coronary vessels unless bradycardia or cardiac arrest is induced. Gregg (1950) has shown that maximal coro 
nary flow occurs in diastole, while flow during systole is at times actually reversed. Therefore with ordinary) 
heart rates it is necessary to inject medium during diastole to obtain consistent coronary opacification. Wé« 
have done this in a series of experiments on 21 dogs by means of an electronic device triggered on the R wave 
on the electrocardiogram which allows injection of medium to be made at any required phase of the cardiac 
cycle. In addition, this timing device will automatically make a single X-ray exposure or initiate a seria! 
changer. Diastolic injections result in consistently good coronary filling, whereas systolic injections show 
little or no filling. With this single diastolic injection technique, there is an early proximal and a late dista! 
phase of coronary opacification, necessitating the use of a serial changer. 

Further experiments have shown that if the dose of medium is divided into two or more equal parts 
and injected over two or more successive diastoles, then complete proximal and distal opacification of the 
coronary tree can be obtained on one film exposed at the end of the last diastolic injection. In addition, 
division of the dose results in smaller injections which are less likely to be prolonged beyond the diastolic 
phase even when given at lower pressures. 


After these communications, there was time for a short discussion of each of the Demonstrations. Sir 
John Parkinson’s talk, A Farewell Note, which opened the afternoon session, is printed at the end. 


DEMONSTRATIONS 


THE PHONOCARDIOGRAM IN PULMONARY STENOSIS 
By Dennis Deuchar and Nazim Ghabra (introduced) 


Records obtained from 70 patients with pulmonary stenosis have been analysed. In all cases the diag- 
nosis has been confirmed by special investigation or at operation and the severity assessed by the pressure 
gradient across the valve. 

In patients with isolated pulmonary stenosis, the time of the crescendo of the ejection murmur was 
related to the severity of the stenosis. An ejection sound was rarely recorded, but when present was not 
confined to those with mild obstruction. The pulmonary component of the second sound was recorded 
in most: the stenosis was severe in all cases in which it could not be identified. There was no relation 
between the severity of the stenosis and the degree of separation of the components of the second sound. 

In Fallot’s tetralogy, pure valve stenosis was associated with a late crescendo, and pure infundibula: 
stenosis with an earlier crescendo of the ejection murmur. With combined stenosis the pattern was variable 
tending to reflect the dominant lesion. In no patient with Fallot’s tetralogy was an ejection sound recorded: 
the pulmonary component of the second sound was recorded in only two of these patients. 

It is suggested that the failure to record the pulmonary component of the second sound in patients wit! 
Fallot’s tetralogy reflects the severity of the stenosis and the diminished blood flow through the valve. 


RESPONSE OF THE DISEASED HEART TO EXERCISE, WITH SPECIAL REFERENCE TO CASES OF 
PULMONARY STENOSIS BEFORE AND AFTER OPERATION 


By A. M. Johnson 


Response to exercise was studied in 20 patients with pulmonary stenosis by means of cardiac catheteri 
zation. In 10, there had been no operation, and in the other 10, pulmonary valvotomy had been performe: 
up to seven years previously. 

All of the unoperated cases were of moderate or severe degree and showed the abnormal respons: 
described by other authors in relation to cases of mitral stenosis, namely well-marked tachycardia wit! 
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diminished or unchanged stroke volume, resulting in an abnormally small increase of cardiac output per 
minute. 

The 10 cases relieved of severe pulmonary stenosis by operation showed the same type of response to a 
s'ightly lesser degree. This was true even in cases proved to have only mild residual stenosis, in whom the 

‘ectrocardiogram showed corresponding regression of right ventricular hypertrophy. 

The mechanisms of the response are analysed in relation to systolic and diastolic events, and evidence 
\ as Offered suggesting that the persistence of abnormal exercise response after relief of severe stenosis may be 
¢ 1¢ to permanent changes in the right ventricular myocardium. 

The application of these findings to other forms of heart disease was briefly discussed. 


THE TRANS-SEPTAL APPROACH TO THE LEFT ATRIUM AND VENTRICLE 
By P. Nixon 


Needle puncture of the atrial septum in the course of orthodox right heart catheterization provides the 
1ysician with a simple pathway to the left atrium and ventricle. The pathway was first explored by Ross 

1958, and the kindness of Ross, Braunwald, and Morrow enabled me to learn the method while it was 
‘ing developed in the Clinic of Surgery at the National Heart Institute. 

The instrument that punctures the septum is a flexible steel needle, 61 cm. in length. The tip is curved in 
»ckey stick fashion, and the direction of curvature is indicated at the base by a pointer. The needle point 
introduced into the floor of the fossa ovalis to perforate it, through the lumen of a short number 9 catheter 
hich has been passed to the right atrium from the long saphenous vein in the groin. A polythene catheter 
inserted into the left atrium through the Ross needle, and manceuvred until it reaches the left ventricle. 

The author has attempted septal puncture on 41 occasions. It was not possible to find the fossa ovalis 
i one patient with great enlargement of the right atrium. In one of the first patients the needle tip was not 

cirected sufficiently in a medial direction and punctured the posterior wall of an unusually small left atrium: 
ihe patient suffered transient pericardial pain. There have been no other failures or complications. 

Septal puncture has certain advantages over the bronchoscopic and percutaneous methods of left heart 
catheterization. The patient is comfortable, supine, and in a basal state. It is easy to collect expired air 
and to record the heart sounds. Right and left heart pressure-pulses, blood samples, and indicator dilution 
curves may be obtained in rapid succession. 


FURTHER OBSERVATION ON SPLITTING OF THE SECOND HEART SOUND 
By Harold A. Shafter and Bernard L. Segal (both introduced by Leatham) 


Inspiratory splitting of the second heart sound has been attributed mainly to delay in pulmonary closure 
from increased stroke volume of the right ventricle. Improved techniques of measurement have recently 
shown that earlier aortic closure also contributes to the splitting. 

This subject has therefore been reinvestigated in 15 normal subjects, 16 patients with A.S.D., and 20 
patients with V.S.D. using phonocardiograms with a paper speed of 100 mm. per second: the intervals 
between the first and both components of the second heart sound were measured through at least three 
consecutive respiratory cycles with an accuracy of +0-002 sec. 

In the healthy subjects it was confirmed that early A2 coincided with delay in P2 during normal inspiration. 
A2 is delayed during the subsequent expiration, as the augmented volume of blood ejected by the right 
ventricle arrives from the lungs at the left atrium, increasing left ventricular stroke volume. During con- 
tinuous respiration at the usual rate, increased stroke volume of the right ventricle happens to coincide with 
diminishing stroke volume of the left. 

In 15 patients with A.S.D., relatively fixed splitting of the second sound was confirmed and was attributed 
to delay in both A2 and P2 during inspiration. In these patients, respiratory variations in right atrio-caval 
events may be reflected in the left atrium, as in a single chamber, and with inspiration the shunt of blood 
from left to right may be decreased. This would result in increased left ventricular filling and delay in 
A2. The abnormal movement of A2 was found to be a useful test for differentiating patients with A.S.D. 
from normal subjects with unusually obvious splitting of the second sound and in determining whether 
surgical closure of an A.S.D. is adequate. In patients with anomalous venous return normal movement 
of A2 indicated that most of the left-to-right shunt occurred through the anomalous veins and not through 
an A.S.D. 
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In 16 patients with uncomplicated V.S.D. normal movement of A2 occurred. The degree of splittins 
was increased in 14 patients, varying on expiration from 0-031 to 0-050 in 8 subjects, from 0-051 to 0-070 ir 
5 subjects, and more than 0-071 in 1 subject. In patients with normal pulmonary artery pressure the degre« 
of splitting was not related to the volume of blood shunting from the left to the right ventricle. Wher 
pulmonary hypertension was present, in 5 patients, splitting on expiration was single in 3 and very close ir 
2—0'016 and 0-020 respectively. The mechanism to explain wide splitting in uncomplicated V.S.D. wa 
discussed. 


THE BLOOD VOLUME CHANGES IN CONGENITAL HEART DISEASE 
By D. Verel 


The blood volume has been measured in a series of subjects suffering from congenital heart disease 
Normal values have been found in the majority of patients with both cyanotic and non-cyanotic disease 
Comparison with a series of normal people and patients with polycythemia rubra vera has shown that the 
response to polycythemia in congenital heart disease differs from that seen in polycythemia rubra vera 
A formula for calculating the plasma volume in cyanotic congenital heart disease is presented. 


A FAREWELL NOTE 
By John Parkinson 


You, Mr. Chairman, prevailed on me to say a few words on this occasion, for I had once been in charge 
of this your department. Having recently retired from all medical practice, it seemed to me that a farewel! 
note might serve. Though you thought it sounded morbid, it should not be taken too literally for I hope 
to see you for some years but not to take part in your deliberations. You may permit a few reminiscences 
and then some diffuse remarks on matters in my mind. 

It was in 1903 that I joined the ‘‘London’”’ which has been my.medical home. There was one medical 
registrar in a hospital of 900 beds. The important cases, chosen for pity’s sake and for teaching, were 
typhoid, pneumonia, aneurysm, and heart failure for which the remedies were digitalis and strychnine 
injections. Our first paper (in 1913) went to show that strychnine was useless. Until Mackenzie was in- 
vited to join the staff we were not allowed to use digitalis for out-patients. Coming from practice in Burnley 
to London as a hospital physician, he exclaimed ‘* You don’t seem to admit patients to hespital until they 
are incurable’’. You all know how untrue that would be to-day: investigation with a view to effective 
treatment is to me in striking contrast with the masterly inactivity then in vogue. Mackenzie is said to 
have introduced the new cardiology; now when the British Heart Foundation is established it may bring 
in the golden age of cardiology! 

It is the changed attitude to research that impresses me. To residents in my time, Henry Head and then 
James Mackenzie were regarded as odd in being so enamoured of it. At least it was scarcely expected of us 
residents or registrars, and it had no place in the work of the ward or out-patient department. 

Progress in research has always depended most on the man engaged in it and in an address on Leadership 
in Cardiology published in the Lancet in 1955 I spoke of Mackenzie and others. Nowadays most of us in 
a lesser way have had the urge and the opportunity to produce useful research. Next to personality, the 
moving force in progress has been instrumental. As a student here I was the first to be given the use of < 
sphygmomanometer. The polygraph gave place to the electrocardiograph. X-rays came into use anc 
superseded percussion. Special apparatus furthered the principle and practice of specialism. I have livec 
to see the struggle won for freedom to specialize in medicine. Cardiology once seemed to be a simpk 
branch of it, but to you to-day its complexity must be frightening and its literature a nightmare. With retire 
ment and age comes a certain relief in ‘‘not-going’’ to meetings; I need no longer come and pretend to knov 
what you are talking about! 

The greatest thrill in recent years has been to witness the amazing development of cardiac surgery and 
congratulate this Society on the worthy way in which it has taken its essential part in it. My thoughts gx 
back to my Chief who in his last letter to me said ‘‘ Heart failure’s the thing’’: he was thinking about myo 
cardial failure and there may yet be a revival of interest in this abiding factor. 

Dare I hint at a problem that occasionally arises in the course of experimental research? In his zeal fo 
discovery a man may be tempted to proceed with some investigation or treatment that carries too great : 
risk to his patient. If in doubt, take counsel with your colleagues. If you are working for humanity, you 
must be humane. Someone has written ‘‘There is always a moment when curiosity becomes a sin’”’. 
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In an address on The Patient and the Physician published in the Lancet in 1951, I expressed my senti- 
ments on the personal relationships between them. I will not weary you further on the subject except to 
tell you of a simple procedure which has seemed to be of service to my patients. We doctors need reminding 
that most people who consult us are afraid; they are fearful of what we may have to say at the end of the 
consultation. Disease must not be personified in the doctor; rather he must appear as the defending counsel, 

nd so we should seem to be looking for the good things rather than the bad. While taking the blood 
ressure we may indicate that it might be worse or even happily that it couldn’t be better. Express your 
dmiration of the shape and size of the heart as you look at it, unless you are in fact dismayed. Let your 
crutiny of the electrocardiogram show at once that you are satisfied and helped by it, certainly not alarmed 
nless that patient needs alarming. In other words, let us feel for our patient, calming his fears and building 
p his morale throughout the clinical examination, and not only at the end of it. 

Bearing still on the patients, may I ask you to retain your interest in their comfort and relief, quite apart 
‘om your modern scientific treatment of them. You now have a far greater choice of sedatives to procure 
leep. Further, do not readily accept statements about the superiority of new analgesics to morphine. 
“his has been in universal use for centuries and its disadvantages in my view are far outweighed by its 
vonderful efficiency. As you know, some doctors are mean in their use of hypnotics and analgesics: they 
1ay modify their attitude when they have been ill themselves. 

Finally, I take this opportunity of acknowledging my debt to you my friends and colleagues of the British 
‘ardiac Society. No one could have been treated with more consideration and kindness over the years. 
am honoured by having my name inscribed in two leading textbooks. Our retiring president, Maurice 
‘ampbell, has had an enormous influence on this Society both as an editor of world renown and as an 
riginal observer. Our new president, Evan Bedford, has rightly taken a high place in European and World 
‘ardiology. Our Chairman, William Evans, has been tireless in varied and valuable research, and personally 
ias won the affection of the Society. 

My thanks to you all—and it is my fervent hope that you will fare well. 











CASE REPORTS 


SPONTANEOUS RUPTURE OF A PAPILLARY MUSCLE OF THE HEART 
BY 


G. A. STIRLING and B. F. LAMBERT 
From the University College of the West Indies 
Rupture of a papillary muscle of the heart is a rare condition. The subject has been reviewec 
by Davison (1948) who summarized 26 previously reported cases and added 3 of his own, and by 
Askey (1950) who reported 8 additional examples. Up to 1953 only 44 cases had been recorded. 
The most common cause was cardiac infarction affecting the base of a papillary muscle. In a few 
instances rupture has been ascribed to ulcerative endocarditis, syphilis, trauma, abscess formation, 
and periarteritis nodosa, and in three patients the cause was unknown. 
In the present case there was no evidence of cardiac infarction, a condition rarely met with in 
Jamaica, and the cause was only revealed by the examination of serial sections of the papillary 
muscles. 


Case History 


The patient was a man aged 56 years who was first seen at the University College Hospital, 
Jamaica, in September, 1958. He had hypertension, but had been well otherwise until three months 
before when he complained of dyspnea and retrosternal pain aggravated by exertion and had 
coughed up frothy sputum. 

On examination he was well nourished and showed no signs of congestive cardiac failure. His 
pulse was 80 a minute and regular. The blood pressure was 190/140. The apex beat was in the 
sixth left intercostal space in the anterior axillary line. There was no palpable thrill. Ausculta- 
tion revealed triple rhythm but no murmur. No abnormal signs were found in the lungs. The 
liver, which was palpable two finger breaths below the right costal margin, was firm but not tender. 
The spleen was not palpable. 

An X-ray of the chest showed gross cardiac enlargement; an electrocardiogram showed right 
bundle-branch block, and left ventricular hypertrophy and strain. The V.D.R.L. test was positive 
in a dilution of | in 8. 

Four months later he was admitted to hospital with signs of cardiac asthma. His blood 
pressure had fallen to 140/50. Although he did not look unduly distressed and his condition 
gave no cause for alarm, he died suddenly on the same day. 


Necropsy 

The heart was enlarged weighing 620 g. The left ventricle was 18 mm. thick and the right 
6mm. The tip of the posterior papillary muscle of the left ventricle was necrotic and completely 
ruptured (Fig. 1). The surface of the anterior muscle was hemorrhagic but there was no necrosis. 
The papillary muscles on the right side of the heart were normal. The coronary arteries were patent 
and showed only a mild degree of atheroma. The myocardium was healthy and showed no evidence 
of infarction. The chorde tendinee of both ventricles and the mitral and tricuspid valves were 
normal. The aorta showed longitudinal wrinkling suggestive of syphilitic aortitis in the ascending 
portion of the arch. In the abdominal aorta there was conspicuous atherosclerosis. All the lobes 
of both lungs were congested and cedematous. 

Histology. Posterior Papillary Muscle. A small infarction involved the tip of the papillary 
muscle. The endocardial surface of the affected muscle was covered by blood clot. Random 
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section revealed no cause for the infarction since the vessels, though thickened, were patent. How- 
ever, the study of serial sections revealed an aneurysm extending for 3 mm. before being lost to 
view in the torn end of the muscle (Fig. 2). The artery concerned was centrally situated and was 
the largest in the papillary muscle. Proximal to the aneurysm the vessel showed a hyaline thickening 
similar to that present in other vessels in the papillary muscles of both ventricles. The thickening 
was periodic-acid-schiff negative and did not stain for amyloid. The transition from thickened 
‘essel to aneurysm was abrupt and occurred immediately beyond a point where a branch was given 
off. The lumen was occluded by recently formed coagulum and the adjacent myocardial muscle 
‘vas necrotic and infiltrated with polymorphonuclear leucocytes. Sections stained by Warthin’s 
11ethod revealed no spirochetes. At the point of rupture a second torn but otherwise healthy 
rtery was seen. 





Fic. 1.—The ruptured posterior papillary muscle Fic. 2.—Aneurysm of a small artery in the posterior 
indicated by arrows. papillary muscle. At this point the vessel was only 
partially occluded. H. & E. x 190. 


Anterior Papillary Muscle. This showed a small area of degenerate muscle fibres. The arteries 
were thickened. In some vessels the wall was changed to a structureless swollen eosinophilic material. 
The lumina were narrowed and in one instance almost obliterated. The elastica was split and 
increased in amount. Papillary Muscle from Right Ventricle. A few degenerate fibres were seen. 
The arteries were patent. 

Myocardium. Fibrosis was seen in the left ventricle but no evidence of either old or recent 
infarction. No remarkable feature was seen in the branches of the coronary arteries. 

Aorta. There was scarring and vascularization of the media. Destruction of elastic tissue 
and foci of chronic inflammatory cells were present. The appearances were those of syphilitic 
aortitis but no spirochetes were seen in the sections stained by Warthin’s method. 


Discussion 
It is almost certain that the sequence of events in the present case was aneurysm formation with 
occlusion of the aneurysmal sac followed by infarction and rupture of the posterior papillary 
muscle. The pathogenesis of the aneurysm and therefore of the rupture is not certain. Infection 
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was believed to be responsible for the cases of ruptured papillary muscle reported by Bertin (1824) 
and Spanton (1865). In both cases vegetations on the valves and chorde tendinee were described. 
More recently Hackel and Kaufman (1953) described a case in which Entameba coli septicemia 
following acute pyelonephritis resulted in a myocardial abscess and rupture of the left anterior 
papillary muscle. There was no vegetation or abscess in the present case. Periarteritis nodosa 
leading to myocardial infarction and rupture of a papillary muscle has been reported by Askey 
(1950). In the patient under discussion the aneurysm was similar to those encountered in peri- 
arteritis nodosa but it was an isolated lesion. Trauma has been implicated in cases described by 
Kleberger (1920), Glendy and White (1936), and Payne and Hardy (1937). No history of trauma 
was elicited in the present case and the patient was at rest in bed when the rupture occurred. 

In the absence of myocardial infarction and the more uncommon causes mentioned above of 
ruptured papillary muscle, the presence of a positive V.D.R.L. test and evidence of aortitis suggested 
syphilis as the etiology, although no spirochetes were demonstrated and a syphilitic aneurysm 
in a small vessel must be unusual. Syphilis as a cause of ruptured papillary muscle has been 
substantiated in only one case when Spaulding and Glahn (1921) found spirochetes in the ruptured 
ends of a papillary muscle of a man dying with congestive heart failure. 

The posterior papillary muscle of the left ventricle is more frequently ruptured than the anterior 
muscle. Rarely are the muscles of the right ventricle involved. Only one report exists of the 
rupture of two papillary muscles (Nicod, 1834). In the present case, in addition to a ruptured 
posterior papillary muscle, there was an area of degeneration in the anterior papillary muscle. 
No aneurysm was found in this muscle; by contrast the arterioles showed a curious thickening 
which reduced the lumen of one vessel to a tiny slit. 

Rupture of a papillary muscle is generally followed by sudden collapse and death as in the 
present case. Nevertheless Askey (1950) has recorded two patients who survived two and six 
months. In the latter the ruptured end of the papillary muscle was covered by endothelium. A 
number of patients survive for a short time and in these the problem of diagnosis is encountered. 
According to Askey (1950) the possibility of ruptured papillary muscle must be considered when 
an apical systolic murmur suddenly appears in a patient with cardiac infarction, sepsis, endo- 
carditis, or syphilis. The condition is to be differentiated from ruptured interventricular septum. 
In the latter condition, according to Askey (1950), a systolic thrill is frequently met with, but in 
ruptured papillary muscle this sign is absent. On the other hand Hackel and Kaufman (1953) 
noted an apical systolic thrill after rupture of a papillary muscle and felt that this criterion must 
be considered of less significance than was previously thought. 


Summary 


An unusual case of ruptured papillary muscle of the heart is described. The study of serial 
sections revealed a small aneurysm in the ruptured papillary muscle. The cause of the aneurysm 
was not certain but it was probably syphilitic. 


We wish to thank Professor G. Bras for reading the manuscript. 
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RHABDOMYOSARCOMA OF THE LEFT ATRIUM 
BY 
W. N. DUNNET, C. SYMONS, AND CYNTHIA STEPHENSON 


From the Departments of Infectious Diseases, Cardiology, and Pathology, Royal Free Hospital 


Rhabdomyosarcoma of the heart is exceedingly rare, 24 cases only having been recorded. This 
eport describes a further case, of particular interest because of the unusual clinical presentation. 


Case Report 


A woman, aged 60 years, was admitted to the Royal Free Hospital with a history of severe diarrhoea and 
vomiting, with blood in the stools for one week. For two years she had been in poor health with episodes 
of giddiness, blurred vision, loss of consciousness, and numerous falls; six months previously she had been 
idmitted to another hospital with “pyrexia of unknown origin”. Relevant signs in the cardiovascular 
system at that time were persistent systolic and transient diastolic murmurs at the apex. Screening of the 
chest revealed left atrial enlargement, and the X-ray film (Fig. 1) showed an opacity within the heart shadow 





Fic. 1.—X-ray film showing abnormal opacity 
within the left heart border caused by the 
rhabdomyosarcoma. The arrow indicates 
the inferior portion of the tumour projecting 
through the mitral valve. 


which, considered in retrospect when the diagnosis had been established at autopsy, was undoubtedly due 
to the rhabdomyosarcoma. A provisional diagnosis of subacute bacterial endocarditis was made, although 
repeated blood cultures had been negative, and prolonged courses of several antibiotics had been given with- 
out controlling the pyrexia. She had become progressively more anemic and had been given blood trans- 
fusions. Following discharge from hospital she had been virtually bed-ridden, being unable to stand 
because of faintness in the erect position and weakness in the legs. 
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Other points in the past history were that at fifty years of age subtotal hysterectomy for fibroids and 
appendicectomy had been performed. The following year she had been treated for syphilis, and three 
years later tabes dorsalis had been diagnosed. 

Clinical Findings. On admission the patient was gravely ill, emaciated, and severely dehydrated; the 
temperature was subnormal, and peripheral circulatory failure was present as shown by a poor volume 
pulse, cold extremities, and low blood pressure (80/60). The heart was enlarged, the apex beat being in 
the sixth intercostal space and half an inch outside the midclavicular line; the heart sounds were of poor 
quality and the rhythm was irregular, due to atrial fibrillation. There was an apical systolic murmur, but 
no diastolic murmur was heard then or subsequently. The liver was easily palpable, and there was neuro- 
logical evidence of tabes dorsalis. 

A diagnosis of acute gastro-enteritis with peripheral circulatory failure was made. 

Laboratory Investigations. Hb. 11-4 g. (77%). W.B.C. 16,000, with a neutrophil leucocytosis. 
Platelets 235,000 per cu. mm. E.S.R. 56 mm. (Westergren). Blood urea 70 mg./100 ml. Serum potas- 
sium 2:8 mEq./l. Serum sodium 128 mEq./l. Serum chloride 90 mEq./l. Total serum protein 4-1 
g./100 ml., albumin 1-7 g./ml., globulin 2:4 g./ml.; the serum electrophoretic pattern revealed a decrease 
in the globulin fraction and slight increase in the a, globulin. The urine contained albumin, but was 
otherwise normal. The Kahn test was positive, the W.R. and G.C.F.T. were negative. Culture of feces 
showed no pathogenic organisms. Increased shadowing at both bases was demonstrated by portable chest 
X-ray, but the changes seen in Fig. 1 were not evident due to the poor quality of the portable film. The 
electrocardiograms revealed uncontrolled atrial fibrillation and changes consistent with hypokalemia. 

Progress. Measures to combat circulatory failure were instituted. The fluid and electrolyte imbalance 
was corrected, and digoxin, 0-5 mg., given intravenously, followed by 0:25 mg. orally every eight hours. 
Penicillin and streptomycin were administered parenterally. As the blood pressure did not improve an 
infusion of nor-adrenaline was given together with hydrocortisone, 100 mg. eight-hourly. With this 
treatment the blood pressure rose to 125/80 and the clinical condition was fairly satisfactory until the sixth 
day after admission when it suddenly deteriorated, and the patient died twelve hours later. She had been 
afebrile throughout the illness. 

Necropsy. 1. Rhabdomyosarcoma of heart. 2. Metastases (liver, bone marrow, ileum, brain). 
3. Mitral obstruction. 4. Endocardial thrombi. 5. Chronic atrophic emphysema. 6. Right ventricular 
failure. 7. Amyloidosis (spleen, ileum, adrenal, pancreas, kidneys). 8. Chronic pyelonephritis (mild). 
9. Demyelination of the posterior columns (mild). 10. Fatty liver. 11. Hemorrhoids. 12. Atheroma 
(mild). 

Relevant findings were confined to the heart, gastro-intestinal tract, liver, vertebral bone marrow, and 
brain. The heart weighed 276 g., the right side being moderately dilated but not hypertrophied. On 
opening the left side of the heart a firm polypoid mass was revealed: this projected through, and almost 
completely obstructed, the mitral orifice (Fig. 2). This mass arose from a wide base on the posterior wall 
of the left atrium and measured 9-5 x 2:-5x2:5 cm. The external surface was irregular, mottled yellow and 
red, and covered by fibrin thrombus. The cut surface was yellow-grey and showed a poorly defined lobular 
pattern. There were numerous small fibrin deposits and petechial hemorrhages in the endocardium of the 
atrium and along the base of the mitral valve. Small metastatic tumour deposits were present in the liver, 
small intestine, vertebral bone marrow, and the left frontal lobe of the brain. The alimentary tract showed 
no obvious lesion to account for the gastro-enteritis. 

The cause of death was cardiac failure due to mitral valve obstruction by a neoplasm of the left atrium. 

Histology. The heart tumour was a pleomorphic sarcoma showing a tendency to a myomatous pattern 
in some areas. The predominant cells were long, slender straps with central nuclei, which showed con- 
siderable variation in size, shape, and degree of hyperchromatism. With phosphotungstic acid and hema- 
toxylin (P.T.A.H.) staining, these cells showed longitudinal fibrils, and a few cross striations were demon- 
strated. Large multinucleate cells with eosinophilic cytoplasm were scattered among the anaplastic sarcoma 
cells. On this evidence the tumour was diagnosed as a rhabdomyosarcoma. The metastatic deposits had 
the same histological characters as the heart tumour. Tumour cells were present in the endocardium under- 
lying the fibrin thrombi. 

Extensive amyloid deposits were found in the spleen, small intestine, pancreas, and adrenals. Smal! 
deposits were also found in the kidneys which showed a mild degree of chronic pyelonephritis. Section: 
of the spinal cord taken from the cervical, thoracic, and lumbar areas showed mild demyelination in the 
posterior columns. 


Discussion 


Whorton (1949) reviewed 100 cases of primary malignant tumours of the heart, of which 9 were 
rhabdomyosarcoma. Ina further review, Cruz and Ana (1956) reported several other cases of rhabdomyo- 
sarcoma, bringing the total number to 20, without the case of Friedlander et a/. (1950) which was described 
as a myosarcoma associated with malignant carcinoids and pancreatic heterotopia. The report of another 
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Fic. 2.—Rhabdomyosarcoma attached to the wall of the left atrium, with a tongue-like 
downward projection passing through the mitral valve into the left ventricle. The 
lower part of the tumour has been displaced laterally to show the mitral leaflets. 


case from Poland in 1955 is not available in this country for study. Manson and Rindskopf (1956) reported 
a case in a girl, aged 12, with extensive myocardial involvement. Pascuzzi et al. (1957) in a review of rhabdo- 
myosarcoma added one further case, a woman aged 25, in whom the diagnosis was made in life by angio- 
cardiography and pericardial biopsy. 

The clinical presentation of a primary intracardiac tumour obstructing the mitral valve has been well 
described, and Fawcett and Ward (1939) have summarized the symptoms and signs as follows: signs sug- 
gestive of mitral stenosis with congestive cardiac failure and changing cardiac murmurs, fainting attacks 
and loss of consciousness with the patient erect, sudden and unexpected death, relentless progress of heart 
failure in spite of adequate rest and digitalization, abnormal X-ray shadows, cardiac irregularities, and 
paroxysmal dyspnoea. These abnormalities were particularly described in relation to cardiac myxoma 
but would equally apply to any tumour obstructing the mitral valve. The case described here presented 
only four of the findings enumerated, namely, fainting attacks, cardiac irregularity, a variable cardiac 
murmur, and an abnormal X-ray. 

Von Reis (1949), describing the clinical aspects of 30 cases of endocardial myxoma, reported that endo- 
carditis was a frequent misdiagnosis. The gastro-enteritis was most probably a terminal complication 
resulting from the poor general condition of the patient. 

Other important points in the history were fainting attacks and loss of consciousness, due to the tumour 
filling the mitral orifice during cardiac contraction (Jones and Julian, 1955). In retrospect, careful scrutiny 
of one of the chest X-rays suggested that the diagnosis of intracardiac tumour could have been made, 
particularly if fluoroscopy and tomography had been performed. The solid nature of the rhabdomyo- 
sarcoma was particularly striking at autopsy. 

The amyloid deposits were unrelated to the cardiac condition and were probably secondary to the 
syphilitic infection. 
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Summary 


A case of rhabdomyosarcoma is described in a woman, aged 60, who had suffered from unexplainec 
fainting attacks with loss of consciousness for two years. A syphilitic infection had been diagnosed at the 
age of 51 years, and she had developed tabes dorsalis three years later. She presented terminally as a cas« 
of acute gastro-enteritis and peripheral circulatory failure. 

Post mortem, the tumour almost completely obstructed the mitral valve. Extensive amyloid deposit: 
were found in the spleen, small intestine, pancreas, and adrenal glands. 

A previous chest X-ray, examined in retrospect when the pathological diagnosis was known, revealec 
an opacity within the heart shadow that was almost certainly due to the rhabdomyosarcoma. 


We are greatly indebted to Dr. W. Gunn and Dr. A. M. Ramsay for their encouragement and advice in preparin; 
this paper, and to Professor Kenneth R. Hill for his valuable criticism. We would also like to thank Dr. R. Finlaysoi 
for his help with the histology and all those in the Photographic Department of the Royal Free Hospital for thei: 
willing co-operation. It is a pleasure to mention Miss Beacock who was most helpful with the references. 
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THE EFFECTS OF SODIUM ANTIMONY TARTRATE 
ON THE MYOCARDIUM 


BY 
M. HONEY* 
From the Cardiac Department, University College Hospital 


Received February 24, 1960 


Sodium antimony tartrate (S.A.T.) has been used in the treatment of Schistosomiasis since 1918 
‘hristopherson, 1918, 1919) and is still the most effective drug (Adams and Maegraith, 1953; 
lanson-Bahr, 1954; Goodman and Gilman, 1956), though different workers vary widely in the 
stails of the courses of treatment employed: it is used as a routine at the Hospital for Tropical 
liseases (H.T.D.). Trivalent antimony compounds, especially S.A.T. and tartar emetic, are toxic 
‘ugs and may cause unpleasant side-effects (Christopherson, 1918; Khalil, 1935; Alves and Blair, 
346; Girgis and Aziz, 1948; Rail, 1949), including headache, nausea and vomiting, diarrhcea, 
‘ver, muscle and joint pains, hepatitis, and skin eruptions: injections may cause pain along the 
ein, a metallic taste in the mouth, a sense of constriction in the chest, paroxysms of coughing, 

syncopal attacks, or severe and even fatal reactions of an anaphylactic type (Fakhry, 1931; War 
Medicine, 1945). Death may also result from hepatitis (Jopling, 1949) or may occur suddenly at a 
(ime unrelated to an actual injection (Mainzer and Krause, 1940; Ch’ien Teh and Lin Yu-K’un, 
1957). 


Case 1. A West African girl, aged 23, attended hospital in December, 1956, with an itchy papular 
eruption on the neck, right upper chest, and epigastrium, which had been present for six months; she gave 
a history of hematuria due to a S. hematobium infestation which had been treated with a course of intra- 
muscular injections nine years previously. A biopsy of a skin lesion revealed a nest of viable ova of S. 
hematobium, so she was referred to Sir George McRobert and was admitted to the H.T.D. There was no 
other clinicalabnormality. Examination of terminal urine and rectal snips for Schistosome ova was negative, 
but the Schistosomal complement fixation test was strongly positive. Treatment was started with daily 
intravenous injections of S.A.T., a total dose of 29 grains (1-9 g.) being given in 18 days; during the last 
3 or 4 days of treatment she had anorexia, nausea, vomiting, and muscle pains. The last injection was in 
the morning, and the same evening the pulse rate was noted to be slow (45 a minute), and at 10 p.m. she 
suddenly became unconscious, with fixed dilated pupils, trismus, opisthotonus, and jerking movements of 
the head. At the end of the attack the pulse was regular at 120 a minute. The next morning, an electro- 
cardiogram showed gross abnormalities (Fig. 1): normal sinus rhythm (97 a minute); tall very broad P waves 
in leads II, III, and aVF (duration 0-16 sec., amplitude 0-30-0-35 mV); very low voltage QRS in leads I and 
aVL, with elevated S-T segment in these leads and in V3 and V5; prolonged Q-T duration (0:44 sec.); low 
or biphasic T waves merged with elevated S-T segments. Fifteen minutes later, she complained of severe 
sub-sternal oppression and became shocked: the pulse was irregular and the B.P. 90/60. She had several 
further brief episodes of unconsciousness with convulsion, thought to be Stokes-Adams attacks, and the fol- 
lowing day a cardiogram (Fig. 1) showed a chaotic rhythm, with only occasional recognizable sinus beats 
and very numerous bizarre, multifocal ventricular ectopic beats and short bursts of rapid (200 a minute) 
ventricular tachycardia. Clinically her condition suggested a recent severe myocardial infarction and the 
first cardiogram was consistent with an anterior infarct, though there were no pathological Q waves: her age 
and sex were however against this diagnosis and it seemed probable that her condition was to be attributed 


Present address: Cardiac Department, St. Bartholomew’s Hospital. A demonstration based on this investigation 
was presented at the British Cardiac Society meeting at Cardiff, April, 1959. 
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to toxic effects of S.A.T. She was treated with quinidine and digitalis, and there was only one further 
“* dizzy spell”, normal rhythm being rapidly restored and her subsequent progress being uneventful. Serial 
cardiograms showed a return towards normal and a final record, 7 months later, was normal (Fig. 1). 
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Fic. 1.—Case 1. West African woman, aged 23. Serial electrocardiograms following completion of S.A.T. 
course. Top record one day after last injection grossly abnormal. Bottom record one day later, show- 
ing multifocal ventricular tachycardia. Records 2 days, 2 weeks, and 7 months later, showing progressive 
return to normal. 


As a result of this alarming experience, it was decided to undertake a study of the electrocardio 
graphic changes during and after treatment with S.A.T. in a series of patients with schistosomiasis 
the overwhelming majority of whom would be expected to show no clinical evidence of seriou 
cardiovascular complications. It was hoped also to obtain information about which patients migh 
be expected to show serious abnormalities, and in the unfortunate event of a further episode simila 
to the one described above, it would be instructive to observe the nature of the cardiographic change 
leading up to it. It should, however, be stated that, with careful attention to detail, over 100 course 
of S.A.T. had been given at the H.T.D. during the past five years without any serious or fatal reactio 
(Schofield, 1957). 
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MATERIAL AND METHODS 


Between February, 1957 and December, 1958, every patient with schistosomiasis starting treatment with 
S.A.T. had a preliminary cardiogram and a further record at the end of the course, usually within 24 hours 
of the last injection. Fifty-nine patients (Cases 2-60; Table I)* were studied; all were in-patients. Seven 
of these had also between one and fourteen serial records during treatment, and three had records made 
immediately before and again immediately after an S.A.T. injection. During this period, 6 patients (Cases 
51-66) started courses of treatment that for various reasons were not completed (see later). In 37 patients, 
cardiograms were recorded later, in the majority at about six weeks after the end of treatment when they 
ittended the out-patient department for routine follow-up. 

The diagnosis of schistosomiasis was based on clinical findings, the discovery of Schistosome ova in 
terminal or 24-hour urines, stool specimens, or rectal snips taken at sigmoidoscopy, on the presence of a 
positive complement fixation test in an untreated patient, and in some cases on the findings at cystoscopy. 
The parasite was S. Mansoni in 29 cases, S. hematobium in 17, both S. Mansoni and S. hematobium in 3, 
S. intercalatum in 1, and unknown in 9. All patients had a full history taken and clinical examination made 
from the point of view of possible pre-existing heart disease. With one possible exception, none had signs 
suggestive of organic heart disease. 

A routine course of treatment consisted of 25 to 31 grains (1-6 to 2:0 g.) of sodium antimony tartrate 
(containing a total of 640 to 794 mg. of antimony) in daily intravenous injections; 4 grain (30 mg.) is given 
on the first day, 1 grain (65 mg.) on the second, 14 grains (100 mg.) on the third and 2 grains (130 mg.) on 
the fourth and subsequent days; the dose is diluted to 20 ml. with distilled water and given over ten minutes, 
Sometimes, in the event of troublesome side-effects, a rest-day may be allowed, the daily dose may be reduced 
slightly or the course completed when rather less than the full dose has been given; a smaller total dose was 
given to young or small patients (details of total dose and duration of course are given in Table I). 

In all cases, 12 leads were used, comprising three standard and three augmented unipolar limb leads and 
the unipolar precordial leads V1 to V6. A Cambridge direct-writing electrocardiograph (single or three 
channel) was used. Patients were semi-recumbent, and cardiograms taken during treatment were usually 
recorded in the mid-morning. Sensitivity was normally adjusted to give 10 mm. deflection for 1 mV, and 
a l-mV standardization was recorded with each lead. 

In reading the cardiograms note was made of the amplitude and shape of the P waves, the duration of 
the P—-R interval, measured in the lead (usually standard lead II) where this appeared to be longest, the QRS 
axis in the standard leads, electrical position, QRS voltage in the precordial leads, the shape and level of 
the S-T segment, the amplitude and direction of the T waves, and the Q-T duration. QTc was calculated 
using the formula of Taran and Szilagyi (1947) in which QTc=QT//cycle length. 

Pre-treatment cardiograms were strictiy normal in 33 cases and minor abnormalities were noted in 26. 
Right bundle-branch block was present in one (Case 14) and incomplete R.B.B.B. in four cases. Voltage 
changes in the precordial leads, suggestive of slight left ventricular hypertrophy, were present in ten cases. 
In two (e.g. Fig. 3) the S-T segments were abnormally elevated (but concave with upright T waves) in 
several leads; in two others (Case 31, aged 9, and Case 30, a Nigerian, aged 23), slightly elevated S-T segments 
were associated with inverted T waves in the right precordial leads. In all three children under 10 years 
(Cases 28, 31, 38), T waves were inverted in V2 and V3 as well as in V1 ; Case 30 had a slightly inverted T in 
V2 and a biphasic (— +) T in V3. In one case there was a low biphasic T in lead I (Case 16). The P-R 
interval was within normal limits in all cases. The Q—T duration was slightly prolonged above the upper 
limit of normal for the rate (Ashman and Hull, 1937) in 18 and moderately prolonged in 1 (Case 14 with 
R.B.B.B.). 


RESULTS 


In all but 1 of the 59 patients, electrocardiographic changes were seen at the end of the course 
of S.A.T.; they varied from very slight (and sometimes still within normal limits) to severe changes 
that, in the absence of a history of S.A.T. administration, would be interpreted as indicating severe 
myocardial disease. 

P wave, P-R interval, and QRS. Case 1 (q.v.) showed tall, broad, but not bifid P waves in some 
leads, which subsequently reverted to normal, and significant lowering of the R wave voltage in 
* For reasons of space Table I has been omitted, but is available on application to the author. 
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leads I and aVL. Minor changes of QRS axis occurred in 7 patients. Otherwise there was no 
change in P, P-R interval, or QRS. No pathological Q waves were seen. 

S-T segment and T wave. (Fig. 2-5). The most characteristic abnormalities observed during 
S.A.T. treatment are seen in the S-T segment and T wave. The first change to be seen, and the only 
change in the mildest cases, is a reduction in amplitude of the T wave in all leads. At first this is 
only slight, so that the tracing remains within normal limits, but as it progresses the left ventriculai 
leads in particular may become frankly abnormal, with T wave voltage in lead I less than 1 mm 
(0-1 mV): both upstroke and downstroke of T become more gradual and prolonged. Later, notably 




















Fic. 2.—Grade II cardiographic changes. Upper record, before treatment; lower record, 
at end of course of S.A.T. Case 24. European boy, aged 17. " 





Fic. 3.—Grade III cardiographic changes. Upper record, before treatment; lower record, 
at end of course of S.A.T. Case 46. West African man, aged 19. 






























iS no 


Iring 
only 
his is 
culai 
mm 
tably 





EFFECTS OF SODIUM ANTIMONY TARTRATE 


Ff I pan v3 


4 : ry 


v4 v5 


Bas ee 


aalee edd cota) tet 
q | Ne Me ee bale 


; 


tts Loess PSE BRE mbes CEES SOE cst 


my Lirsy f AEBSS | } 4 
4 





Fic. 4.—Grade IV cardiographic changes. Records at end of courses of S.A.T. 
(a) Case 49. European man, aged 27. (b) Case 55. Kuwaiti man, aged 28. 
(c) Case 18. Mauritian man, aged 22. 


ii 





Fic. 5.—Serial cardiographs (upper, lead II; lower, lead V3) 
during treatment, showing increasing degree of abnormality, 
and finally grade IV cardiographic changes. (a) before treat- 
ment; (5) after 144 grains (0-94 g.); (c) after 244 grains (1-59 
g.); and (d) after 304 grains (1-98 g.). Case 45. European 
man, aged 42. 


in the standard leads and in V5 and V6, T may become flat or slightly biphasic (+ —). Pari passu, 
changes occur in the S-T segment, most strikingly in the transitional zone V2 to V4: instead of being 
concave leading up to an upright T, the S-T segment becomes straight, sloping up from a normally 
situated J (S-T take-off) to a lowered T. Characteristically, steep terminal dipping of the T wave 
occurs, with the terminal portion of T descending progressively further below the iso-electric line. 
This terminal negative phase of T may be accentuated by a prominent upright U wave immediately 
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following it, and may in fact sometimes barely dip below the iso-electric level. Later, in cases more 
severely affected T becomes frankly inverted, sometimes very deeply, especially in V2 to V4: as it 
does so, the upward sloping S-T segment becomes less evident and S-T may become iso-electric 
again or become convex upwards, remaining slightly raised with the initial positive component of the 
biphasic T disappearing. T wave inversion, rarely very deep, tends to appear later in V5 and V¢ 
and in the standard and unipolar limb leads; and upward sloping S-T segments are sometimes seer 
in these leads but are not so striking as in V2 to V4. No grossly elevated S-T plateaux such as 
occur in recent myocardial infarction have been seen, but J may become slightly raised. 

In the standard leads, T wave inversion is seen most frequently in lead III (30 patients), anc 
much less commonly in lead I (11 patients), usually in association with severe changes in the pre 
cordial leads; in one of these (Case 16) T in I was initially biphasic. T II became inverted in 2( 
patients, most of whom had severe changes in the precordial leads. When the heart is electrically 
vertical and T in aVF and III strongly upright in the pre-treatment record, inversion of T III may 
be a relatively late feature and inversion of T in I and II relatively early. 

In aVR, a normally inverted T becomes reduced in amplitude, then biphasic (— +), and finally 
upright. In V1 there is most commonly a change in the same direction as in other leads (33 patients) 

U wave. In many records, particularly in the precordial leads, prominent upright U waves are 
seen, either interrupting the downslope of a broad low T or following an inverted T or the termina! 
negative portion of a diphasic T. U waves are commonly seen in the pre-treatment records, and 
often appear more obvious after treatment when a tall T has become lower, but in at least 20 
patients the U wave had undoubtedly become larger. 

Q-T duration. The Q-T duration has been difficult to measure reliably, particularly in the after 
treatment records. This is especially so when a prominent U interrupts the downstroke of a low 
T or where a conspicuous U follows an inverted T or the negative phase of a biphasic T. For 
comparison of Q-T before and after treatment in individual cases, the Q-Tc has been used. 

There has been an undoubted increase in Q-Tc in the vast majority of cases. In 48, the increase 
was 0-04 sec. or more and this increase was greatest in those with the more severe grades of change, 
as judged by S-T and T. Fig. 6 shows the distribution of Q-T at the end of treatment, according 
to heart rate: only in three cases was it within normal limits. 

Rate and Rhythm. No consistent change in pulse rate is seen. Sinus arrhythmia is naturally 
often seen in any records, but in two patients the degree of sinus arrhythmia became much greater 
during treatment. In Case 34 (26M) RR intervals varied between 0-66 and 1-02 sec. and in Case 


25 (35F), in whom severe S—T and T wave changes developed, records showed gross variations of 


RR with extremes of 0-70 and 1-65 second. It is possible that the longest intervals were associated 
with sinus arrest or sinu-atrial block, but it seems likely that whatever the mechanism, there was 
increased vagal activity. Except in Case 1, no serious ventricular arrhythmia has been seen and nc 
more than the occasional ventricular ectopic beat that may be seen in any normal record. 


THE CLASSIFICATION OF ELECTROCARDIOGRAPHIC CHANGES 


In order to facilitate analysis of the factors influencing the severity of electrocardiographi: 
changes observed, and to follow the progress of changes in the individual patient during and afte 
treatment, an attempt has been made to classify the changes into the following five grades of severity 

Grade O. Nochange. Minimal reduction of T wave amplitude in a few leads may be associate: 
with minimal increase in amplitude in other leads; such cases are classed with those in whom nm 
change has occurred. 

Grade I. Very slight change. Slight reduction in T wave amplitude, not exceeding 50% o 
initial height of T, in all or several leads. The cardiogram usually remains within normal limits 

Grade II. Slight change (Fig. 2). Further reduction in amplitude of T wave, exceeding 50°% c 
initial height of T, in at least one limb and one precordial lead. T in lead I often abnormal, i.c 
less than 1 mm. (0-1 mV). 
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Grade III. Moderate change (Fig. 3). Upward sloping S-T segment with terminal dip in pre- 


cordial leads; T is thus diphasic (+ —) or inverted with an initial slightly positive phase and dominant 


1egative component. T in limb leads is very low, flat, or slightly diphasic; if the precordial lead 
changes are relatively mild, cases with slight frank T wave inversion are included in this grade. 

Grade IV. Severe change (Fig. 4 and 5). Frank T wave inversion in standard lead I or II and 
triking T wave inversion in precordial leads. S-T segment may be upward sloping with terminal 
lip (and predominantly negative T) as in grade III, iso-electric or convex and slightly raised. 

Grade V (Fig. 1). Serious ventricular arrhythmias (Case 1 only). 

The changes observed do, of course, demonstrate a continuous gradation in severity and inter- 
nediate grades of severity may be difficult to classify. Difficulty arises particularly with cases 
howing straightening of the S-T segment in V2 to V4 and a terminal dip with little or no negative 
‘omponent of T; and these have been classed as grade II. Also sometimes slight T wave inversion 
ias been seen in the limb leads at a stage when precordial T inversion is only relatively slight: 
hese have been retained in Grade III. T wave inversion in III and aVF has been discounted in 
rading the severity of change for reasons already discussed, though it may be significant when the 
ieart is electrically vertical. However, these criteria have proved satisfactory and useful in practice. 

The significance of grade I changes must remain open to some doubt. Slight reduction in T 
vave amplitude may be due to normal physiological variations or to slight errors in standardization 
of sensitivity. Nevertheless, when the T waves are lower, even slightly, in most or all leads, par- 
icularly when further treatment leads to further reduction in voltage, it seems reasonable to attribute 
hese slight changes to the treatment rather than to the factors just mentioned. 

Distribution of Grades in the Whole Series (Table Il). In the whole series, grade IV changes have 
been seen in 17 cases, grade III in 18, grade II in 22, and grade I in 1 case only. One patient alone 
(Case 33) has shown no change and at the other extreme only Case 1 has fallen into Grade V. 


TABLE II 
SUMMARY OF FINDINGS IN CASES 1-60 





Electrocardiographic grade 























Total | 0,1 nm | mm | iv,v” 

All cases Pe a 60 2 22 18 18 
Sex 

Male .. ne -. | a 2 16 16 15 

Female a ey 11 0 6 z 3 
Age 

Less than 35 years .. 39 1 15 9 14 

More than 35 years .. 21 1 7 9 4 
Total Dose* 

Less than 27 mg./kg. 30 1 14 9 6 

More than 27 mg./kg. 28 1 7 9 11 
Racet | | 

European... we 4 | 2 21 15 i 

African and Asian .. | 0 1 3 11 
Parasite 

S.Mansoni .. - 29 2 12 9 6 

S. Hematobium os 18 0 6 5 7 





* x2=3-75, n=3, 0-3>p>0-2 
Tt x2=18-78, n=3, p<0-01 


Relation of Severity of Change to Total Dose of S.A.T. A fairly constant dose was administered 
to most of the patients, who differed very widely in body weight. Only children were given much 
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less than the usual dose and small adults a little less (Table I). The dose was not precisely related 
to body weight and therefore the resulting dose expressed in mg. per Kg. body weight has varied 
considerably (20-8 to 37-9 mg./Kg.). It might be expected that the patients receiving the highest 
dosage would show the more severe grades of cardiographic change. It can be seen from Table II 
and Fig. 7 that there is no such close relationship, though with increasing grade of cardiographic 
change the average dose of S.A.T. does increase slightly and a higher proportion of the patients 
received more than 27-0 mg./Kg. 

Progress of Changes during Course of Treatment. Taking the series as a whole, there was no 
significant relation between total dose per unit body weight and degree of cardiographic change. 
But if the individual patient is considered (e.g. Case 45, Fig. 5) there was a progressive increase in 
severity of change during the course. In those developing grade IV cardiographic changes in whom 
serial records were obtained, these were graded and plotted against the dose of S.A.T. administered 
(Fig. 8); and this also demonstrates the gradual development of increasing severity of cardiographic 
abnormality during the course of treatment. In patients ultimately showing grade III or IV changes, 
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significant (grade Il) abnormalities may appear after as little as 3 grains (200 mg.) have been ad 
ministered; grade III changes are frequently seen after 7-9 grains (450-600 mg.) and grade I\ 
changes have occurred after as little as 13 grains (850 mg.) and commonly after about 20 grain: 
(1-3 g.). The final degree of change may develop after about 20 grains (1-3 g.) have been given 
the cardiogram subsequently showing no further deterioration. The final degree of change depend: 
less on the total dose given than on the factor of individual susceptibility. 
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Fic. 8.—Development of cardiographic changes. The grade of change is plotted against dose 
of S.A.T. in those patients in whom serial records were made during the course of 
treatment and finally showed grade IV changes. 

In this figure and the succeeding one, individual records have been classified as early, 
average, or late in each of the grades IT, III, and IV in order to illustrate the increasing or 
decreasing severity of cardiographic changes more clearly. 


Changes due to a Single Injection. 1n several patients daily records showed increasing severity 
of change from one day to the next. However, in the cases in whom cardiograms have been recorded 
immediately before and immediately after an injection, no change has been seen. 

Regression of Changes after the End of the Course (Fig. 9). Cardiograms were recorded at 
various times after the end of the course in 38 patients, one of whom (Case 33) had shown no change 
on completion of the course of treatment. Thirty-one observations in 30 of these patients were made 
at the follow-up out-patient attendance between 4 and 9 weeks after the end of the course. Only 
3 still showed mild grade II changes; 15 showed very slight (grade I) changes, and 13 had returned 
entirely to the normal pre-treatment state. Only 1 of 5 initially grade IV cases had returned to 
normal at 5-9 weeks. Only a few observations (6 records in 4 patients) were made in the early 
days and weeks after treatment, but these suggest that the changes regress fairly rapidly, so that by 
the end of 3 weeks, not more than slight (grade II) changes are to be expected. There are 5 obser- 
vations (in 5 patients) at 10 weeks or more; 4 were normal and the fifth grade I (grade IV at end of 
course and grade I at 7 weeks). The very slight residual changes are of doubtful significance and 
the return to normal usually takes about 4-8 weeks, probably depending on the severity of the 
cardiographic abnormality at the end of the course. 

Relation to Geographical Origin of Patients. Forty-five patients in the series were Europeans (in- 
cluding 1 American) who had lived overseas; 15 (including Case 1) were Africans and Asians (from 
Nigeria, Ghana, Sudan, Uganda, Mauritius, Iraq, and Kuwait). It soon became a strong impres- 
sion that the latter group were far more prone than the Europeans to develop the more severe grades 
of change. In the final analysis this is shown clearly to be so (Table II) and the difference is highly 
significant. On the whole, the African-Asian group were lighter and received a higher dosage in 
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Fic. 9.—Regression of cardiographic changes. The grade of change is plotted 
against time (weeks) after the end of the S.A.T. course in patients in whom 
there were grade IV changes at the end of the course. 





mg./Kg. body weight, but as there was no significant difference in dosage received by Europeans in 
the various cardiographic grades, this difference in weight cannot be held to account for the differ- 
ence in susceptibility between Europeans and the African-Asian group. The African-Asian group 
is of course not ethnologically homogeneous, and in this small group one cannot say whether 
subjects of any particular racial origin are more susceptible than others. 

Other Factors. There was no significant effect of age upon susceptibility (Table II); there was a 
suggestion that the older age group (35 years and over) was more likely to develop grade III or IV 
changes, but the difference was slight. Neither was sex a relevant factor (Table II); in spite of 
rather higher dose per unit weight in women, the changes seen were rather less than would be 
expected, but the difference was not more than could be explained by chance. 

No significant difference was observed between patients infected with S. Mansoni and those with 
S. haematobium, whether the whole series or Europeans only were considered (Table II). 

No correlation was observed between the intensity of non-cardiovascular side-effects and the 
severity of cardiographic change: some patients with the most severe changes tolerated the course 
well and others with much intolerance of the drug showed only slight abnormalities (including 
some in whom the treatment had to be discontinued). 

Patients withdrawn from the series. Case 64. M,57. British. Clinically normal C.V.S. Cardiogram 
before treatment normal. Treatment stopped by physician after 22-5 grains (1-45 g.) because of severe 
(grade IV) changes appearing after only 16-5 grains (1-17 g.). 

Case65. M,37. British. ClinicallynormalC.V.S. History of rheumatic fever in childhood. Cardio- 
gram before treatment normal. Immediately following third injection (14 grains; total dose 3 grains) became 
grey with slow pulse and hypotension but no loss of consciousness. Treatment restarted after two days 
interval but after three further uneventful injections (grains 4, 1, 14) the next injection (2 grains; total dose 
8 grains) was followed by a similar vaso-vagal episode. S.A.T. discontinued; course of nilodin (lucanthone 
given. Cardiograms immediately after first episode and three days after the second, both grade I. 

Case66. F,21. Nigerian. Clinically normal C.V.S.; soft pulmonary systolic ejection murmur presumed 
innocent. No history of rheumatic fever or chorea. Cardiogram before treatment normal, occasionai 
ventricular ectopic beat. Twenty-three grains (1-5 g.) given in 12 days, tolerated well. Eighteen hours afte1 
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last injection, called for bed-pan and was dead within three minutes. No other premonitory symptoms. No 
cardiograms recorded during treatment. At autopsy (Dr. J.D. Judah), there were the appearances of a very 
recent moderate-sized myocardial infarct in the posterior part of the septum, involving the whole thickness of 
-he septum. The mitral valve was thickened and slightly stenosed. The coronary arteries were smooth, flex- 
ble, and widely patent. The bladder showed active Schistosomiasis and the abdominal lymphs nodes were 
mlarged. Histological examination revealed mild inactive rheumatic myocarditis and mitral valvulitis; no 
sections of the septal infarct were obtained. Tissue analyses for antimony were reported as follows: blood 
)-017 mg./100 g., liver 0-020 mg./100 g., skeletal muscle 0-30 mg./100 g. and heart muscle 0-20 mg./100 g. 
error + 10%). 

Three patients (Cases 61, 62, and 63) discontinued treatment on account of non-cardiovascular side-effects. 
Another (Case 64), who was treated towards the end of the period of the investigation, showed severe cardio- 
zraphic changes but no clinical evidence of cardiac damage; probably the withdrawal of the drug was a 
wise precaution (see discussion). In Case 65 there were typical examples of an early reaction, occurring 
2arly in the course of treatment and immediately after actual injections. The clinical picture as described 
xy the doctor administering the injection suggested a vaso-vagal type of reaction. In Case 66, sudden death 
yecurred at a time unrelated to an actual injection. The macroscopic appearances at autopsy were typical 
of a septal myocardial infarct and the coronary arteries were healthy. There was a mild inactive rheumatic 
carditis with involvement of the mitral valve, but this is unlikely to be related to the cause of death. Analyses 
demonstrated a concentration of antimony in the myocardium ten times that in the blood. 


DISCUSSION 


There have been some previous reports of cardiographic changes during antimony treatment of schisto- 
somiasis, in which standard leads have been recorded, sometimes with one or more bipolar precordial leads 
‘usually CR4 or CF4). Mainzer and Krause (1940) reported cardiograms in 12 patients undergoing treat- 
nent with tartar emetic: these showed decreased voltage, disappearance or inversion of T waves, merging 
of S-T and T into a slightly convex line with an upward incline and, in a few, decreased QRS voltage and 
low, absent, or inverted P. Kenawy (1940) described lowering or slight inversion of T waves in one or more 
standard leads in 12 patients treated with rather small doses of tartar emetic or fouadin. Magalhaes and 
Dias (1944) found lowered or diphasic and occasionally slightly inverted T waves in 27 patients treated with 
relatively small doses of tartar emetic. Beaser and Rodriguez-Molina (1946), reporting cardiograms in 25 
patients treated with fouadin, noted decreased amplitude of T in 20, and “‘cove-plane” configuration of S-T 
and T in CF4 in two patients: in most, the record was normal again in three weeks. 

Tarr (1946, 1947) studied 141 patients treated with fouadin or tartar emetic and reported four degrees 
of severity of T wave change with decrease in voltage, lengthening of the proximal slope, slight negativity 
of the terminal portion, or sharply negative or cove-planed T. Slight or moderate prolongation of Q-T 
and iso-electric or inverted P were seen in a few. Slowing of the pulse rate occurred in 77. No adverse 
clinical effects were observed and there was no greater incidence of other toxic effects in those with maximal 
cardiographic change. Ninety-eight per cent of those treated with tartar emetic showed changes, 30 per cent 
being classified as +++ or ++++. With fouadin, changes occurred less frequently, came on later 
during treatment, and were less severe. Recovery started within one week and was usually complete in 
30-60 days. 

Schroeder et al. (1946) studied 100 patients treated with fouadin or tartar emetic. The T wave became 
lowered, diphasic, or inverted, and in a few changed in contour; in CF4, a notch often appeared late in T, 
which became progressively deeper, producing a diphasic and finally deeply inverted T. In 45 per cent 
there was ‘‘fusion of the S-T segment with the T wave’. In a few P became tall and pointed and Q-T 
abnormally prolonged. Recovery was usually complete in five to seven weeks. Tartar emetic produced 
more severe changes than fouadin. Girgis and Aziz (1948), recording cardiograms in 16 patients treated 
intensively with S.A.T., found flattening or inversion of T, distinctly inverted in CR4 in all, and reduced 
amplitude of QRS in a third: recovery was still incomplete at eleven days. Suarez et al. (1948) reported 20 
patients treated with anthiomaline: T became lower in all leads in 18 and inverted or diphasic in a few leads 
in some, but changes in the S-T segment were slight though Q-T was increased, not always beyond the 
normal range. 

Chinese authors (Institute for Prevention and Treatment of Schistosomiasis, 1955) have also described 
lowering and inversion of T waves in all of 100 patients treated with tartar emetic, and prolongation of Q-T 
in 94 per cent, and slight elevation or depression of S-T in 20 per cent. Ventricular arrhythmias, often 
associated with Stokes-Adams attacks, are frequently seen in China and characteristic cardiograms showing 
numerous multifocal ventricular ectopic beats and ventricular tachycardia have been published by Lu (1956) 
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and T’ao Shou-Chi (1957). The latter also illustrated the cardiogram of a patient during a paroxysm of 
ventricular flutter-fibrillation lasting 97 seconds. Paroxysmal ventricular tachycardia and fibrillation, often 
fatal, was also reported by Huang Ming-Hsin et al. (1958) and Ch’en Yen-Yu et al. (1958). 

These reports agree in emphasizing the frequency with which the T wave becomes reduced in 
amplitude, diphasic, or inverted, a finding amply confirmed in this study, in which particular 
attention has been paid to the precordial V leads: here, the changes occur earlier and are more 
striking than in the limb leads. Changes in the S-T segment have been noted and have been des- 
cribed in various ways in several of the articles quoted: many illustrations in these papers show the 
changes described in the present study, though they are seen less well in the standard leads, with 
which previous reports have been mainly concerned. Changes in the P wave have been infrequently 
noted and are not of a consistent type. Though slowing of the pulse rate has been noted by some 
authors, this has not occurred in other series. The frequency of serious ventricular arrhythmias in 
China contrasts strikingly with absence of mention of them in other reports, but Case 1 of the 
present study resembles the Chinese cases very closely. Prolongation of Q-T is noted in some 
reports including the present one, but other authors find it in only a few of their patients. 

In spite of the great differences in treatment schedule there is thus basic agreement about the 
essential S-T and T changes. Changes occur in virtually all cases with tartar emetic or S.A.T. but 
are less constant and less severe with fouadin or anthiomaline. 


CLINICAL SIGNIFICANCE OF THE CARDIOGRAPHIC CHANGES 


Some previous workers reporting on these changes have regarded them as merely an interesting 
but unimportant by-product of antimony treatment (Tarr, 1946; Schroeder et al., 1946), basing this 
conclusion on the transience of the changes and their complete return to normal, and on the absence 
of any serious manifestations of cardiac damage in these patients. It is of course true that the 
occurrence of changes of pattern in the QRS-T complex signifies only a disturbance in the processes 
of depolarization and repolarization consequent on alterations in myocardial metabolism: though 
these may be harmless or even beneficial, it cannot be assumed that they are. 

The cardiographic pattern in Case 1 was highly suggestive of myocardial infarction, lacking 
only pathological Q waves which are by no means invariable in proven infarction. The T wave 
inversion and upward sloping S-T segment seen in these cases is commonly seen in patients with 
cardiac pain due to coronary arterial disease. Reversible T wave inversion has been described and 
attributed to coronary spasm (East and Oram, 1948; Evans, 1955), slight coronary attacks (Papp 
and Shirley Smith, 1951), or septal infarction (Abrahams, 1957). Evans and McRae (1952) discuss 
terminal dipping of the T wave among their lesser cardiographic signs of cardiac pain indicative of 
“restricted infarction”. Brink and Goodwin (1952) describe reversible T wave inversion following 
the application of an icebag to the precordium, and note that this is first seen in the terminal portion 
of T: they conciude that this terminal T inversion is associated with superficial injury, also adducing 
in support of this contention a patient with this pattern in whom autopsy revealed an area of fibrosis 
in the outer third of the left ventricular myocardium. Several illustrations in these papers clearly 
show upward-sloping S-T segments with terminal dipping or frank inversion of T exactly similar to 
those seen in the antimony cases; this is particularly so in two illustrations from Evans and McRae 
(1952) depicting “‘more obvious changes” in patients showing at other times the lesser cardiographic 
signs. Tarr’s (1946) assertion that the changes due to antimony bear only a superficial resemblance 
to those of coronary disease is clearly untrue. The iso-electric S-T take-off and initial positive 
phase of T are in fact by no means uncommon in coronary disease, and the convex slightly elevated 
S-T segment leading into a deeply inverted T seen in the more severe antimony cases is highly 
characteristic of fairly recent frank myocardial infarction, in which the so-called cove-planing is 
very familiar (Pardee,.1920). Low and inverted T waves may also occur in the more diffuse 
myocardial diseases (isolated myocarditis and the so-called cardiomyopathies), but in these 
low-voltage QRS complexes or left bundle-branch block are common (Wood, 1956; Brigden, 
1957) and T wave inversion is rarely as deep as in some of the patients treated with antimony. 
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Disturbance of potassium metabolism has also been suggested as a basis of the changes seen 
during treatment with tartar emetic (potassium antimony tartrate): however, the abnormalities des- 
.ribed in this paper and in previous reports bear little resemblance to those usually seen in hypo- 
:aleamia (Bellet, 1955) and none to those of hyperkalemia. There can, therefore, be no basis for 

1e suggestion that alterations of intracellular or extracellular potassium are the main cause of the 
ardiographic changes. 
Huang Ming-Hsin et al. (1958) regard the severe ventricular arrhythmias common in China as 
he effect of reflex vagotonia and increased myocardial irritability resulting from myocardial damage. 
he occurrence of bradycardia (Mainzer and Krause, 1940; Tarr, 1947) and of extreme sinus 
rrhythmia (in this study) affords some support for the presence of increased vagal activity in these 
ases. However, the S-T and T wave changes are unlikely to be vagal in origin, as bradycardia is 
ot always seen in those with the most change (Mainzer and Krause, 1940) and atropine, though 
roducing tachycardia, does not reverse them (Tarr, 1947). 
There would thus seem to be good grounds for believing the cardiogram of antimony adminis- 
‘ation to be indicative of coronary spasm or direct myocardial injury, possibly with patchy necrosis 
.r limited infarction. The increased irritability is probably at least as important as the actual 
.natomical lesion in determining the outcome. In Case 1, severe cardiographic abnormalities 

ere associated with a serious ventricular arrhythmia and a grave clinical condition with symptoms 

nd signs pointing to a cardiovascular catastrophe: in fact, myocardial infarction was at first thought 
i\2 be the correct diagnosis though she was young and a woman. This case provides valuable 
circumstantial evidence for the serious significance of the cardiographic change. No other direct 
evidence was obtained in this series, since fortunately such episodes are rare; the only patient (Case 
66) who died, with macroscopic appearances suggestive of a lesion of the ventricular septum, was 
unfortunately not one selected for serial records. Plasma glutamic oxal-acetic transaminase 
(G.O.T.) estimations were performed (spectrophotometric method of Karmen, 1955) in Case 51 
(grade IV cardiographic change) and in a patient treated with sodium antimony gluconate (grade II 
change) the results being 173 units/ml. and 110 units/ml. (normal 8-35 units). Though the plasma 
G.O.T. is a sensitive index of myocardial necrosis it may be raised to a greater extent in hepatitis. 
In patients on S.A.T. treatment, there may well be mild toxic hepatitis, even when this is not apparent 
clinically. 

Study of the development and regression of the cardiographic changes during and after treatment 
strongly suggests that S.A.T. is a drug that exerts a cumulative action on the myocardium. The 
facts are best explained by supposing that following each injection, a proportion of the S.A.T. is 
taken up by the myocardium; and that, as the blood level falls, the myocardium gives up a small 
proportion of its antimony content, an appreciable concentration remaining at the time of the next 
injection. Ultimately equilibrium may be reached, when there is a high tissue concentration, the 
daily uptake and discharge of antimony being balanced. A similar suggestion has been made by 
Tarr (1947). In this sense, the behaviour of S.A.T. would resemble that of digitalis. Alves and 
Blair (1946) have found that in the 72 hours after starting an intensive 2-day course of S.A.T. only 
18-28 per cent of the administered dose is excreted in the urine. Analysis of the blood and tissue 
antimony concentration in Case 66 also showed that considerable cumulation in the myocardium 
(and skeletal muscle) had occurred. That the degree of cardiographic change is not directly related 
to the blood level is demonstrated by the identity of the records immediately before and after an 
injection. 

Sudden death or cardiovascular collapse may occur following an injection at any time during 
the course of treatment. This type of reaction appears to be due to idiosyncracy and is illustrated 
by Case 65; this patient had two episodes, clinically vasovagal, after a small total dose had been 
given, on each occasion when the daily dose had been increased to a higher level. It is unlikely 
that dangerous concentrations of antimony would have been reached so early in the course and 
indeed his cardiogram showed only very slight changes. There seems little reason to relate this 
type of reaction to the cardiographic changes or to a toxic effect of antimony on the myocardium. 
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It is clear that though the cardiographic changes in an individual patient are progressive, at an‘ 
rate until a certain point is reached, the final degree of abnormality depends rather on individua 
susceptibility than on total dose (expressed in terms of body weight); there is no doubt also tha 
Africans and Asians are much more susceptible than Europeans. What is not certain is whethe: 
these susceptible patients possess a myocardium with a great affinity for antimony, whether thei- 
myocardial metabolism is more readily deranged by a given concentration of antimony, or whether 
the difference is merely that in them the cardiogram is a more sensitive index of metabolic distw - 
bances than in the other patients. This last possibility is suggested by the known lability of the i 
wave in the Negro (Littman, 1946) and Bantu (Grusin, 1954; Powell, 1959). On the other hand, t 
may be significant that of all the patients described (66 cases) the only two sustaining serious clinic: | 
cardiac damage were Africans (Cases 1 and 66). It also seems that the Chinese are unusually prone 
to develop serious ventricular arrhythmias (Lu, 1956; Ch’ien Teh and Lin Yu-K’un, 1957; T’ao 
Shou-Ch’i, 1957; Ch’en Yen-Yu ef a/., 1958; Huang Ming-Hsin et al., 1958), though this may be 
due in part to the poor general condition of many of the patients. 

It is reasonable to accept as a working proposition that the more abnormal the cardiogram the 
more likely is the patient to develop serious signs of myocardial damage due to antimony. If that 
is the case, then the cardiogram has an important place in the control of treatment. It is not 
practicable to recommend that daily records should be obtained during treatment, even during 
the latter part of the course, but a sound practice would be to record a cardiogram after the adminis- 
tration of approximately 15-20 gr. (0-9-1-2 g.) of S.A.T., which is the smallest dose found to be 
associated with severe (grade 1V) changes. In Africans and Asians, the tendency would be to take 
this record rather sooner, and with Europeans, rather later. If this were found to show grade IV 
changes smaller injections should be given, the spacing of the injections increased, or the course 
finished rather earlier than originally planned. If grade III changes were seen, the course could be 
continued unmodified, but further records taken at fairly frequent intervals. It is naturally neces- 
sary to balance the importance of adequate treatment of a disease with serious long-term impli- 
cations against the slight risks of fatality during treatment. The use of intravenous atropine in 
large doses in the treatment of severe ventricular arrhythmias, if these develop in spite of these 
precautions, as recommended by Ch’en Yen-Yu et a/. (1958) and Huang Ming-Hsin et al. (1958), 
appears to be worthy of trial. 

Sodium antimony tartrate or the corresponding potassium salt, tartar emetic, is obviously not 
an ideal drug in the treatment of schistosomiasis. Apart from these cardiac complications, the 
treatment is unpleasant and it is unusual for side-effects to be entirely absent. At least one group 
of fatalities appears to be associated with the tendency for the drug to accumulate in the heart 
muscle, and also incidentally in skeletal muscle, a property that is unlikely to have any therapeutic 


value. That only one death during treatment has occurred at the H.T.D. is a reflection not of 


the safety of the drug but of the care with which it is given and the type of patients treated. In 
contrast, the Chinese authors Ch’ien Teh and Lin Yu-K’un (1957) were able to collect 172 fata! 
cases, of whom 129 died from “‘toxic myocarditis”. Three cases have been treated at the H.T.D. 
with sodium antimony gluconate (S.A.G.): all have shown similar cardiographic changes, thoug'! 
none of these three developed more than mild grade III changes, in spite of the course being short 
and more intensive than with S.A.T. (2-36 g. in 11 days; total Sb 727 mg.). Further experience s 
necessary to determine whether S.A.G. has less effect on the cardiogram and, by implication, a le: s 
toxic effect on the myocardium than S.A.T. Fouadin (stibophen) and anthiomaline produce le:; 
striking changes (Tarr, 1946, 1947; Schroeder et al., 1946; Suarez et al., 1948) but these drugs ar : 
certainly less effective therapeutically. 

The toxic effect observed might not be due to the antimony compound as such but to som: 
product of dying or dead schistosomes liberated by the antimony treatment, which might even t : 
liberated by an unrelated schistosomocidal drug. This suggestion is unlikely to be correct: 
could be tested by recording cardiograms during treatment of schistosomiasis with non-antimoni: 
drugs but, since such drugs at present are thought to be considerably less effective, there is litt! 
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justification for their use; or by recording cardiograms during treatment of other conditions with 


'.A.T. Schroeder et al. (1946) have observed similar but lesser changes during treatment of a few 
atients with leishmaniasis and filariasis with pentavalent antimonials. 


SUMMARY AND CONCLUSIONS 


A West African girl, aged 23, developed severe chest pain, circulatory collapse, and Stokes- 
\dams attacks at the end of a course of treatment with sodium antimony tartrate (S.A.T.). A car- 
iogram showed S-T and T wave changes suggestive of myocardial infarction and also a ventricular 
ichycardia with bizarre multifocal QRS complexes. Complete clinical and electrocardiographic 
ecovery followed. 

Cardiograms of 59 patients receiving S.A.T. treatment were recorded before and after treat- 
rent. They showed reduction in amplitude of T, characteristic upward sloping S-T segment with 
erminal dipping and later frank T wave inversion, most frequently in the precordial leads V2 to 
‘4, and prolongation of the Q-T duration. These changes are divided into 4 grades of severity; 
ne patient alone showed no change, one showed grade I change, 22 grade II, 18 grade III, and 17 
rade IV changes. Severity of change is not closely related to age, sex, or total dose, but Africans 
nd Asians are particularly prone to show more severe changes. Serial records show progressive 
crease in severity of change and, after treatment, gradual return to normal after six weeks or more. 

The changes are attributed to cumulation of antimony in the myocardium producing metabolic 
ind functional changes and possibly actual necrosis. They are regarded as being a sign of impend- 
ng clinical myocardial damage with potentially serious or lethal consequences. 

A second West African girl, aged 21, who died during treatment is described. No serial cardio- 
grams were recorded, but autopsy revealed a septal infarct and a high concentration of antimony 
in the myocardium (Case 66). 

It is suggested that until S.A.T. is supplanted by a safer but equally effective drug, a wise pre- 
caution is to record a cardiogram after the administration of 15-20 grains (0-9-1-2 g.) and modify 
the course of treatment if severe changes are seen. 


I wish to thank Dr. Kenneth Harris, in whose department the work was done, for suggesting this investigation and 
for his continued advice and encouragement, Sir George McRobert, Professor Woodruff, Dr. J. H. Walters, and Dr. 
F. D. Schofield, for their encouragement and permission to study patients under their care at the Hospital for Tropical 
Diseases. I also wish to thank the cardiographic technicians at University College Hospital, especially Miss E. M. 
Casey, who recorded most of the cardiograms reported here, and Dr. I. G. Holden, Principal Scientific Officer of the 
Metropolitan Police laboratory, for the post-mortem antimony analyses. 
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‘HE ATRIAL ELECTROCARDIOGRAM AS A GUIDE TO PROGNOSIS 
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A study has been made of serial electrocardiograms of patients with mitral stenosis in sinus 
r thm, whose clinical progress was followed for at least four years after mitral valvotomy. The 
t haviour of the left atrial P wave after operation has been examined with special reference to its 
1 lationship to continued clinical progress. In addition, the form of the P wave in the pre-operative 
e ectrocardiogram has been studied in relation to the degree of stenosis as found at operation and 
a.so to the severity of pulmonary hypertension. 

Some of our first patients with mitral stenosis treated by mitral valvotomy, remaining in sinus 
rythm post-operatively and followed now for four to eight years afterwards, have required a second 
valvotomy. At the second operation the valve orifice was found to have again diminished in size 
and in some it was as small as before. Although these patients appeared to have gained great 
benefit from the first operation during the first two years, and although the surgeon judged the degree 
of splitting in most to have been satisfactory, the left atrial electrocardiogram did not improve to the 
same degree as in other successful patients until after the second more radical operation. Absence 
of significant improvement in the left atrial electrocardiogram after the first operation suggested 
inadequate relief of stenosis. In this way the post-operative left atrial P wave has acted as a guide 
to prognosis in this group of patients in sinus rhythm, and has predicted those likely to require a 
second mitral valvotomy at a later date. 


THE INVESTIGATION DESCRIBED 


Investigation with cesophageal, epicardial, and intra-cavity leads has shown that the first portion 
of the P wave is due to right, and the second to left, atrial activity (Groedel and Borchardt, 1948; 
Reynolds, 1953). Comparison of the form of the P wave in these more direct leads, with that of the 
standard and chest leads, showed that the right and left atrial portions of the P wave can be recog- 
nized in the latter leads as well (Hecht and Woodbury, 1950). 

CR leads rather than V leads were used in this investigation, since the voltage of the P wave is 
greater in CR leads and the two distinct peaks due to right and left atrial activity are well defined 
(Thomas and Dejong, 1954). The first peak, or right atrial P wave, was measured in CR1 and the 
second peak, or left atrial P wave, in CR7. Where recordings were made on an Elmgvist Triplex, 
accurate matching of the timing of these deflections in leads CR1 and CR7 was facilitated. No 
additional information was obtained by the analysis of the standard lead II. In order to establish 
normal values for the P wave in CR leads, the electrocardiograms were examined of 50 healthy 
subjects, whose ages varied between 23 and 65 years. 

The main group of patients with mitral stenosis studied consisted of 37 patients, who remained 
in sinus rhythm after mitral valvotomy and have now been followed for four to eight years after 
it. Serial electrocardiograms were recorded before and after operation at yearly or two- 
yearly intervals. Careful note was made of the surgeon’s description of the valve before and after 
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the splitting. Twenty-one of these patients are still in sinus rhythm, but seven, have fibrillatec 
after remaining in sinus rhythm for varying periods after operation. Five patients have died an: 
in four the post-operative supervision has been incomplete. 

Eight patients have needed a second mitral valvotomy: in four of these, who remained in sinu 
rhythm after the second operation, it has been possible to observe changes in the P wave after eac 
valvotomy. One patient has had three operations on the mitral valve. The routine technique in th : 
earlier valvotomies was simple digital splitting of the stenosis, although a valvotome was used in 1 
few (Thompson, 1954). More recently the transventricular approach (Logan and Turner, 1959 , 
using a Tubbs dilator, has made possible more radical division of the stenosis in difficult cases, an | 
this method was employed in all but one of the second operations, and also in the sing): 
instance of the third operation. 

In addition to the 37 patients remaining in sinus rhythm post-operatively, a further 13 who fibri - 
lated after valvotomy have been studied. Their numbers have been added to the others in examining 
the severity of the stenosis and of pulmonary hypertension in relation to the extent of the P wave 
changes in the pre-operative electrocardiogram. 


RESULTS 


The Normal Atrial Electrocardiogram. The P wave was clearly bifid in CR leads in all the 50 
normal subjects, although sometimes the peaks were low (Fig. 1). In some the two major peaks 
were flanked by lesser ones, but only the major peaks were measured in this investigation. 
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Fic. 1.--CR leads of two healthy subjects. The right atrial P wave 
is seen in CR1 (\ ) and the left in CR7 (“). 


The Right Atrial P Wave in CRI. It was found convenient to measure the height and timing of 
the first major peak in CR1 as an index of right atrial activity. The average height of this peak wes 
0-9 mm., with a range of 0-5 to 1-5 mm. The mean time interval between the beginning of the ” 
wave and this peak was 0-03 sec., and ranged from 0-02 to 0-05 sec. A diphasic P wave was never see) 
in CRI, although V1 frequently showed a diphasic pattern. 

The Left Atrial P Wave inCR7. Measurements were made of the height of the second peak « f 
the P wave in CR7 and also of the total width of the P wave. The latter measurement was thoug! t 
to provide more information about the timing of left atrial activity than the timing of the secor 1 
peak of the wave, since in patients with mitral stenosis considerable prolongation of the width of tl ¢ 
P wave sometimes occurred without significant delay in the second peak. The average width of the 
wave was 0-09 sec., with a range of 0-08 up to0-12sec. The height of the second peak in CR7 averagi 
0-9 mm., with a range of 0-5 to 1-5 mm. No relationship was found between the width of P and t! 
heart rate, which varied between 55 and 100 a minute, with an average of 77: nor was the length « 
the P-R interval, which ranged between 0-12 and 0-2 sec., related to the width of the P wave. 
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A Ta wave in CR7, 0-5 mm. deep, was seen in 12 subjects, and 9 of these had moderate tachycardia 
of between 85 and 100 a minute. 
THE ATRIAL ELECTROCARDIOGRAM IN MITRAL STENOSIS 


Before Mitral Valvotomy. Right atrial P waves were abnormally tall in 31 out of a total of 50 
yatients in sinus rhythm before operation. In these 31 patients the height of the first peak of the 
vave in CRI lay between 2 and 6 mm. (Fig. 2 and 3). With one exception the peak was never 
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Fic. 2.—Right atrial P wave and pulmonary hypertension (50 
patients). Ordinates=height ofright atrial P wave. Abscisse= 
time interval between the beginning of the P wave and its first 
peak in CRI. @=severe, X=moderate, O=slight or no 
pulmonary hypertension. Hatched area=dimensions of normal 
right atrial P wave in CR1. 





= eb + ++ + 1 





8. 11.54. 7, 1. 57. 4. 2,52. 4, 6, 56. 



























Rate : 90 : 90 Rate : 60 : 75 
Fic. 3.—Diminution in height of right atrial P wave in _‘ Fic. 4.-—Return to normal of left atrial P wave in CR7 
CRI after mitral valvotomy (6/12/54). after mitral valvotomy (8/1/53). Right atrial P wave 


has improved also. 








620 PATRICK MOUNSEY 


delayed, but in most it was followed by a negative deflection, giving a diphasic P wave (Fig. 3, 4, 
and 10). All patients with right atrial P waves taller than 2-5 mm. had clinical evidence of pul- 
monary hypertension, the electrocardiogram showing a dominant R wave, with or without T wave 
inversion, in lead CRI, and in milder cases right axis deviation, with small voltage QRS in CRI. 
P waves of 2 mm., however, were met both in patients with and without clinical pulmonary 
hypertension. Similarly, normal P waves (1-5 mm. or less) were met in 11patients with, and in 10 
without, pulmonary hypertension. 

Left atrial P waves were abnormal in 39 out of 50 patients, either in the height of the second 
peak of the P wave in CR7 or in the total width of the P wave (Fig. 4). In 17 patients the second peak 
was increased in height (2 to 4 mm.), but the width of the P wave was not prolonged. In 8 patients 
the P wave was prolonged (between 0-12 and 0-16 sec.), but the second peak was not above the 
normal height. In the remaining 14 patients the peak was increased in height (2 to 6 mm.) and the 
width of the P wave was also prolonged (between 0-12 and 0-16 sec.) (Fig. 5). 

An abnormal left atrial P wave was always associated with a serious mitral valve lesion in this 
series, whether tight stenosis, calcific stenosis and regurgitation, or in one case dominant regurgi- 
tation with little stenosis (Fig 5). Of the 11 patients with a normal left atrial P wave, 8 had tight 
mitral stenosis of about 1 cm. diameter, 1 had a trivial mitral valve lesion, and 2 had mild 
stenosis (1-5 cm. diameter) (Fig. 5). Although the left atrial P waves in these 11 patients were 
individually normal, in the group as a whole they were abnormal, in that the average width was 
prolonged, measuring 0-11 sec., compared with 0-09 sec. in the group of normal subjects. 

Patients showing the greatest abnormality of the left atrial P wave, both in height (>3 mm.) 
and width (>0-13 sec.) all had in addition clinical evidence of great pulmonary hypertension 
(Fig. 6). Whether this association reflected a high left atrial pressure, giving rise to pulmonary 
hypertension, or whether, in addition, it indicated a sound left atrial and right ventricular myocardium 
is uncertain. A similar relationship was recorded by Tarazi et al. (1958), who noted a general 
correlation between a raised systolic pulmonary arterial pressure and abnormalities of the left atrial 
P wave. 

A Ta wave in CR7 was very common, being present in 43 of the 50 patients. It did not appear 
to be related to the heart rate, which varied between 50 and 120, with an average of 70 a minute. 
It was thought to indicate atrial strain, although it was not possible to ascribe it solely to the left 
atrium, except in the absence of pulmonary hypertension and right atrial hypertrophy. The fact 
that the Ta wave was usually more obvious in lead CR7 than in CRI (Fig. 4) might point to its left 
atrial origin. In addition, a relationship was seen between the presence and the depth of a Ta 
wave and an abnormal left atrial P wave, whereas the relationship was less close in the case of an 
abnormal right atrial P wave (Table I). 


TABLE I 


RELATIONSHIP OF TA WAVE TO ABNORMALITIES OF RIGHT AND LEFT ATRIAL P WAVES (50 PATIENTS) 





Ta wave | R.A. P wave L.A. P wave 
depth (mm.) 





Normal | Abnormal Normal Abnormal 
3 | 1 1 
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2 1 1 
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of left atrial P wave in CR7. 
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Fic. 5.—Left atrial P wave and mitral valve long diameter (50 patients). Ordinates=height 
Abscisse =width of P wave. Mitral valve diameter: 


@ =less than 1-5 cm., X=between 1-5 and 2-0 cm., O =heavily calcified valve or associ- 
ated mitral regurgitation. Hatched area=dimensions of normal left atrial P wave in CR7. 
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Fic. 6.—Left atrial P wave and pulmonary hypertension (50 patients). Ordinates=height 
Abscisse=width of P wave. @ =severe, X=moderate, 
Hatched area=dimensions of normal left 
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THE CHANGE IN THE P WAVE AFTER MITRAL VALVOTOMY 


The right atrial P wave improved after mitral valvotomy in the group as a whole (Fig. 3 and 4. 
and Table II). Decrease in height of the P wave corresponded with diminished right ventricula: 


TABLE Il 


GENERAL REDUCTION IN HEIGHT OF THE RIGHT ATRIAL 
P WAVE AFTER MITRAL VALVOTOMY (37 PATIENTS) 


























R.A. P wave | Pre-operative Post-operative 
height (mm.) 

6 1 

5 2 

4 | 2 1 

3 5 3 

P 16 15 

1 9 16 

0:5 2 2 





preponderance and a return to a more normal pattern of the S-T segment and T wave inCRI. Thus, 
11 of the 16 patients showing diminished right ventricular preponderance after valvotomy, also 
showed improvement in the right atrial P wave, and this became normal in 5 (Fig. 10). In 8 
neither the right ventricular not the right atrial electrocardiogram improved. Of the 13 patients 
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Fic. 7.—Left atrial P wave before and after mitral valvotomy (37 patients). Ordinates=height 
of left atrial P wave in CR7. Abscisse=width of P wave. @=before mitral valvo- 
tomy. ©O=after valvotomy. Hatched area=dimensions of normal left atrial P wave. 
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without right ventricular preponderance, none had right atrial P waves greater than 2 mm. and little 


significant change was seen in the height of the wave after valvotomy. A similar relationship was 
»bserved by Joly et al. (1958), who noted improvement in the right atrial P wave pari passu with 
jiminution in pulmonary hypertension. 

The /eft atrial P wave also improved after mitral valvotomy in the group as a whole (Fig. 7). The 
‘+hange was always seen in the first post-operative electrocardiogram, usually recorded a week to ten 
lays after mitral valvotomy; thereafter no significant improvement occurred over the years. Where- 
is only 10 patients had a normal left atrial P wave before operation, 20 had a normal pattern after- 
vards, 10 of them having returned to normal after operation (Fig. 4 and 10). Of the remaining 
7 patients, whose left atrial P waves remained abnormal after-operation, 11 showed persistence 
of tall waves and 9 prolongation of the total width of the wave. Joly et al. (1958) found that, where 
mprovement in the P wave occurred after valvotomy, it took place within the first few weeks, as 
n this series. They also noted a general trend toward a more normal amplitude and shape of the 
vave after valvotomy, but found that the abnormal width seldom regressed. Neither they nor 
yibert-Queralto et al. (1955) distinguished between the right and left atrial portions of the wave. 

In this series a relationship was seen between continuation of post-operative success and improve- 
nent in the left atrial P wave (Table III). Of 20 patients with a normal left atrial P wave after 
alvotomy, 13 have maintained a good clinical result for between four and eight years. Five 


TABLE Ill 


POST-OPERATIVE LEFT ATRIAL P WAVE AND LONG-TERM CLINICAL PROGRESS AFTER 
MITRAL VALVOTOMY (37 PATIENTS) 





— | Left atrial P wave after valvotomy 
Long-term clinical progress | 

















Normal Abnormal 
Death a ae 2 | 2 
Re-Operation 8 
Poor .. bi ae ah pe 5 5 
Good os x a ae 13 2 





patients have had only moderate improvement, 3 because of psychological reasons largely, one 
because of combined stenosis and regurgitation, and one because of inadequate splitting of the 
valve. Two with a heavily calcified valve have died. This relatively favourable group contrasted 
with the 17 patients having a persistently abnormal left atrial P wave after valvotomy. Of these 
only 2 patients have maintained good progress during the follow-up period. Five have had a 
moderate or poor result, 2 for psychological reasons, 2 because of combined stenosis and incom- 
petence, and 1 because of bronchitis. Two have died, both having a heavily calcified valve. 
The remaining 8 patients, whose P waves did not return to normal after valvotomy, are discussed 
below as a special group, for they have all now required a second valvotomy. 

The 8 patients treated by a second mitral valvotomy had been classed among the best of the early 
post-operative results during the first two years’ follow-up and splitting of the mitral valve had 
been as successful as in other patients operated upon about the same period (Table IV). The initial 
clinical success contrasted with the failure of the left atrial P wave to return to normal, although 
some limited improvement in the P wave had been noted in each. After the first two to four 
years following operation their clinical condition gradually deteriorated again and they were 
operated upon a second time between three and eight years after the first mitral valvotomy. In 6 of 
the 8, the left atrial P wave did not change during the period of clinical deterioration, but in 2 the 
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2. 1. 53. 16. 3. 59, 
14. 8. 58. 
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Fic. 8—Left atrial P wave in CR7 of the same patient treated twice by mitral valvotomy (1st opera- 
tion, 26/1/53, diameter increased from 1-0 to 2:5 cm. 2nd operation, 2/3/59, diameter 
increased from 1:25to4-0cm.). Electrocardiogram (2/1/53)-before operation =abnormal right 
and left atrial P waves; on 14/8/58, between Ist and 2nd operations=slight improvement in 
left atrial P wave; and on 16/3/59, after 2nd operation=return of left atrial P wave to 
normal, but persistent abnormality of right atrial P wave, due to continued pulmonary 
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Fic. 9.—Graphic representation of changes in left atrial P wave after Ist and 2nd 
mitral valvotomy (4 patients). Ordinates=height of left atrial P wave in CR7. 
Abscisse =width of P wave. @=before Ist operation. X=between Ist and 
2nd operations. © =after 2nd operation. Hatched area=dimensions of normal 
left atrial P wave. In all four patients the left atrial P wave returned to normal, 
only after the 2nd more radical mitral valvotomy. 
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left atrial P wave grew more abnormal. In all 8 patients severe stenosis was again found at the 
econd operation (between 0-5 and 1-0 cm. in 4; between 1-0 and 1-75 cm. in 3 patients; and 2cm. 
n one patient with a rigid calcified valve) (Table IV). 

Four of these patients remained in sinus rhythm after the second operation. In 3 of them, the 
eft atrial P wave, which had shown only limited improvement after the first operation, finally 
ecame normal after the second more radical valvotomy, when the valve diameter was increased to 
vetween 3-5 to 4 cm. (Fig. 8 and 9). In the fourth patient, splitting of the valve at the second 
alvotomy had again been only partial, but in spite of this the left atrial P wave returned to normal: 
he has now had a third valvotomy, at which the valve diameter was increased from just over 1 cm. 
o about 4 cm., but there has been no further change in the left atrial P wave. 


TABLE IV 
MITRAL VALVE SIZE IN 8 PATIENTS TREATED TWICE BY MITRAL VALVOTOMY 





Mitral valve 





























Patient —— oa 
ates Before valvotomy After valvotomy 
| diameter (cm.) and comment | diameter (cm.) and comment 
1 15/3/51 | ? Tight ? Adequate split 
17/3/59 1 | 3-75 
2 20/11/52 1 i 3 Both commissures split 
15/1/59 | 2 Rigid | 3-5 
3 16/12/52 1 2:5 Both commissures split 
25/9/58 | 1 | 35 
4 22/12/52 1 2:5 An. commissure to ring 
5/8/55 | _:1-75 ? Better split 
26/6/59 | 1-5 | 4 
5 26/1/53 | 1 2:5 An. commissure good split 
| 2/3/59 =| :1-25 4 
6 11/2/53 1 3 Both commissures split 
14/9/59 1 3-5 
7 27/7/53 | 1 Calcified 2:5. Both commissures adequate split 
24/7/59 | 1 4 
8 | 21/1/54 | O75 ' 2:5 Both commissures split 
| 28/11/57 1:5 35 


| 





TABLE V 


GENERAL DECREASE IN DEPTH OF TA WAVE AFTER MITRAL VALVOTOMY 
(37 PATIENTS) 














Ta wave | Pre-operative Post-operative 
depth (mm.) | 
3 | 1 
2 
1 | 13 | 5 





0:5 

































626 PATRICK MOUNSEY 





The Ta wave persisted after valvotomy in 29 out of 32 patients who had shown it before operation 
In the group as a whole it decreased in depth, measuring only 0-5 cm., with the exception of $ 
in whom it measured | cm. (Table V). Of these 5 patients, 3 have needed a second mitral valvotomy 
and 2 have died, both having heavily calcified rigid valves. The presence of a Ta wave after valvo- 
tomy was not related to tachycardia, nor did it change significantly in the years following operation 


I. 12.52. 8. 10. 58. 





CR, 


CR 





Rate :75 


Fic. 10.—Return of both right and left atrial P waves to 
normal after mitral valvotomy (20/1/53), but with 
persistence of a small Ta wave in CR7. 


Sometimes it seemed to be the only sign suggesting that the atrial electrocardiogram was not com- 
pletely normal, for it persisted after operation in 5 patients, whose right and left atrial P waves had 
become normal (Fig. 10) with heart rates of between 60 and 75 a minute. 


DISCUSSION 


Pathogenesis of the Abnormal P Wave in Mitral Stenosis. For a fuller understanding of the 
abnormalities of the P wave in mitral stenosis, it is essential to dissect the wave into two components 
due to right and left atrial activity. Increased height of the right atrial portion of the wave is associated 
with pulmonary hypertension, provided tricuspid stenosis can be excluded, and it is probably due 
directly to the presence of hypertrophy of the right atrial muscle. Similarly, increased height of the 
left atrial portion of the wave is associated with severe mitral stenosis, and is probably due to left atria! 
hypertrophy consequent on increased left atrial pressure from mitral valve obstruction (Reynolds, 
1953). Absence of a tall right or left atrial P wave in the presence of tight mitral stenosis and 
pulmonary hypertension is sometimes seen and appears to conflict with this theory. Whether the 
cause lies in failure of the atrial myocardium to hypertrophy in response to increased pressure, or ir 
some abnormality of conduction of electrical potentials from the atria to the limbs and chest wall 
is not clear. Another possible explanation is a difference in response of the whole cardiovasculai 
system to mitral stenosis in some patients, whereby the same degree of obstruction at the mitral valve 
may produce varying increases of pressure in the left atrium—especially taking into account the 
varying physical activities of each patient. 

The cause of the increased width of the P wave in mitral stenosis has given rise to considerable 
speculation. Reynolds (1953) distinguished between those patients with tall left atrial P waves, 
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and those with broad low P waves. He thought that the first type of electrocardiogram was a 
ign of a good atrial myocardium, while the second denoted a poorly functioning one usually with 
issociated generalized cardiac dilatation. He further suggested that the poor quality of the myo- 
‘ardium, damaged by previous rheumatism or prolonged increased work, gave rise to increased 
vidth of the P wave either by slowing of conduction in the atrial wall or indirectly as a result of left 
\trial dilatation. Wenger and Hofmann-Credner (1952) found evidence that spread of depolari- 
ation in the wall of the left atrium in mitral stenosis was sometimes locally retarded. 

Whatever the mechanism of delay in depolarization of the left atrium in mitral stenosis, the 
vidence in this series suggests that the underlying dominant cause of the increased width of the P 
vave is left atrial hypertrophy or strain, since the width may be restored to normal limits after 
adical mitral valvotomy. The reversibility of both the increased width of the P wave and the 
icreased height of its left atrial portion indicates that both reflect primarily left atrial hypertrophy 
ather than myocardial damage from past rheumatism. The possibility that amputation of the left 
trial appendage might have caused some of the changes in the left atrial P wave after operation 
vas rejected, because patients whose left atrial appendage was not amputated showed similar 
mprovement in height and width of the P wave to other patients. 

Decreased width of the P wave appears to be a more sensitive index of the success of mitral 
alvotomy than diminution in height of the left atrial portion, since the height returned to normal 
fter a partial mitral valvotomy in some patients, while the width remained abnormal until after the 
econd more radical valvotomy. 


SUMMARY AND CONCLUSIONS 


The atrial electrocardiogram in mitral stenosis has been examined with special reference to its 
value in predicting continued favourable progress after mitral valvotomy. 

The use of CR leads, in preference to V leads, yielded larger voltage P waves and thus facilitated 
ready recognition of the two portions of the wave due to right and left atrial activity respectively. 

The atrial electrocardiogram of 50 normal subjects was studied as a control. The tracing in 50 
patients with mitral stenosis was also examined before valvotomy. The progress of 37 who re- 
mained in sinus rhythm post-operatively was followed for 4 to 8 years after operation. 

In the pre-operative electrocardiogram, some relationship was found between pulmonary hyper- 
tension and the augmented right atrial P waves, although normal right atrial P waves did not 
exclude pulmonary hypertension. Similarly, abnormal left atrial P waves always indicated mitral 
valve disease, although normal left atrial P waves were sometimes met in the presence of tight mitral 
stenosis. The tallest left atrial P waves were associated with considerable pulmonary hypertension, 
probably reflecting the high level of left atrial pressure in such patients, but possibly also reflecting 
a healthy myocardium. 

After operation, right atrial P waves became less where the QRST complex showed evidence of 
diminished right ventricular preponderance. 

The significant finding was the relationship between return to normal of the left atrial P wave 
after valvotomy and satisfactory clinical progress lasting four to eight years. Ina group of patients, 
in whom only partial mitral valvotomy had been possible before the introduction of the trans- 
ventricular approach, persistence of an abnormal left atrial P wave post-operatively indicated an 
inadequate functional result from the valvotomy: after a second more radical valvotomy, the left 
atrial P wave finally returned to normal. 

A deep Ta wave in CR7, at normal heart rates, was a frequent finding in the electrocardio- 
gram before operation. After operation, persistence of a deep Ta wave was always associated with 
an incomplete mitral valvotomy. 

It is concluded that persistence of an abnormal left atrial electrocardiogram after mitral valvo- 
tomy is a sensitive guide to the inadequate functional result of the operation and foretells the future 
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deterioration likely to follow even initial clinical improvement, where only a partial valvotomy 
has been achieved. 
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The existence of hiatus hernia is being postulated by physicians and observed by radiologists 
11uch more frequently than in the past (Brick, 1949; Edmunds, 1957). This is largely due to an 
iacreased awareness of the existence of the condition and, as a result, the employment of special 
techniques for its demonstration. The incidence is illustrated in a survey by Brick (1949) in which 
_488 examinations of the upper gastro-intestinal tract were reviewed: in these he found that hiatus 
l.ernia was the second most frequent diagnosis, occurring in 308 patients (8-9%), while duodenal 
ulcer, by comparison, occurred in 705 patients (20%). 

The symptoms of hiatus hernia are numerous and variable and as a result the diagnosis is often 
missed. Thus in a series of 110 cases reported by Clerf et al. (1950) 35 were misdiagnosed when 
first seen. Chest pain and flatulence are often prominent and since this combination of symptoms 
is frequent in ischemic heart disease, it is not surprising that in most descriptions of hiatus hernia, 
angina pectoris is mentioned when the differential diagnosis is discussed. In addition, hiatus 
hernia is most commonly found in the older age groups, the majority of cases being between 45 and 
75 years of age (Edmunds, 1957). This resembles the incidence of ischemic heart disease (Wood, 
1956). 

In view of the obvious difference in prognosis and management of these two conditions, it is 
important that they should be clearly differentiated. Electrocardiography and radiology might 
appear to make this distinction, but this is not always the case. For example it has been shown that 
distension of the stomach (Johnson and Laing, 1940) or of the esophagus (Morrison and Swalm, 
1940: Kohli and Pearson, 1952) can cause alterations in the conventional electrocardiogram. It 
has also been demonstrated that in dogs the coronary blood flow is diminished when the stomach is 
distended (Gilbert et. a/., 1940): in that study a vagal reflex was held to be responsible. On the 
other hand, Bloom and Gubbay (1957) failed to demonstrate any effect on the electrocardiograms of 
fifteen patients recorded as they were actually swallowing a bolus of barium. 

In view of this conflicting evidence we decided to study a random group of patients known to 
have hiatus hernia and investigate the effect on the electrocardiogram when the hernia was distended 
by a barium emulsion under fluoroscopic control. 


MATERIALS AND METHOD 


Twenty patients were studied as they presented at the out-patient department. Sixteen were 
women, aged 40 to 70 years, and four men, aged 40 to 55 years. This sex distribution is similar to 
that described by Edmunds (1957). 

Details of the history and physical examination of each patient were recorded and particular 
attention was paid to chest pain when present. If this was of the pattern originally described by 
Heberden (1772) it was called cardiac pain. 

Hemoglobin and packed cell volume were estimated and any level below 80 per cent hemo- 
globin was considered abnormal and was corrected by oral iron before the investigation proper was 
629 
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undertaken. This was considered important in view of the effect that anemia has been show i 
to have on the electrocardiogram (Master and Jaffe, 1940; Master et al., 1947). Height and weigl ¢ 
were measured, the weight later being compared with the estimated optimum for each patient. 

The patients then attended for screening after a fast of at least four hours. An electrocardic - 
gram was taken with the patient in the supine position on the X-ray table, before and after drinkin : 
a pint of fairly thick barium emulsion. A direct-writing electrocardiograph was used and twel\: 
leads were recorded on each occasion: these were leads I, II, III, aVR, aVL, aVF, and VI-6. 

During the screening after the emulsion was swallowed, the hernia was dilated to the maximu 1 
size possible by simple abdominal pressure, aided sometimes by tilting the patient’s head dow 1 
while in the left lateral position. When this manceuvre was neccessary the second electrocardiograr 1 
was recorded in the supine horizontal position. The size of the hernia was measured and its typ: 
noted on the patient’s record. The chest was marked before starting to ensure that the position cf 
the chest leads remained constant throughout. Each electrocardiogram was carefully standardizei 
and following the second one, the hernia was rescreened to confirm that it had remained fully 
dilated. 

In eight patients chosen at random, trinitrin (glyceryl trinitrate 1/120 grain) was given at this 
stage. The behaviour of the hernia was watched and after a minimum of two minutes a third electro- 
cardiogram was taken. 

In several cases slight differences were observed between the original electrocardiogram and that 
taken after swallowing the barium. These patients were asked to return again after a fast of at 
least four hours and the effects of various procedures were observed. Further tracings were taken 
with the patient supine, supine and in deep inspiration, lying on the left side, in the Trendelenberg 
position, on the right side, with the patient upright, and lastly with the patient supine after exercise: 
this consisted in climbing on and off a nine-inch step 80 times or until forced to stop by dyspneea 
or chest pain. These symptoms were in fact produced in each patient who had complaints 
indicative of cardiac pain of effort. 


RESULTS J 


General. Of the twenty patients studied, a history of cardiac pain was obtained in five, ne man and four 
women, a sex distribution similar to that of the whole group. It was interesting that the pain produced by 
exercise, although often similar in site to that produced by lying or stooping, was more severe in each of these 
patients. 

When first seen, eight had a hemoglobin of less than 80 per cent (100%=14-5 g. hemoglobin per 
100 ml.) A later estimation showed that treatment had brought it above this level. Six of the patients 
were overweight by more than 10 per cent. 

Radiological Features. Any hernia that projected more than 5 centimetres above the diaphragm was 
considered to be large. There were eleven large hernize of which five were sliding, one was rolling, and five 
were mixed. The nine small herniz were all of the sliding variety. 

Six of the twenty herniz altered siightly in size during screening and presumably while the second electro- 
cardiogram was being recorded. In no case was this sufficient to cause a small hernia to become large or a 
large one small. 

Trinitrin produced a change in the hernia of one of the eight patients who received it. She developed 
free cesophageal reflux well seen on screening and accompanied by loud eructation and severe retrosterna! 
pain. Her initial electrocardiogram showed S-T-T depression in leads aVL and V4-V6. No change wa: 
observed in this following the barium, but her third tracing, taken while the severe pain was present, showec 
improvement. This was the only patient in whom pain was produced. 

Electrocardiographic Appearances. The initial electrocardiogram was abnormal in six patients befor« 
the hernia was filled. The abnormalities were flattening of the T waves in all leads in one, S-T depression it 
V3-V6 and aVL in one, and occasional ventricular extrasystoles in a third. Three showed low voltage o 
QRS, in one of whom the P-R interval was prolonged. 

In seven patients variations in the amplitude of the T wave was noted. This happened in a regula: 
manner, the T wave increasing in size with each complex until a maximum was reached and then gradually 
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decreasing. These changes were present before and after visualization of the hernia and involved lead III 
alone in two, leads III and V1 in two, lead V1 in two, and leads V2-V4 in the remaining patient. 

With distension of the hernia, changes were found in the electrocardiograms of six patients. In the 
original tracings, four of these were normal and two were abnormal. Two of the six had a history of cardiac 
yain on effort; the electrocardiogram of one showed ventricular extrasystoles and the other was within 
aormal limits. No changes were observed in rate, rhythm, P waves, P-R interval or S-T segment. The 
‘ndings are fully set out in the Table and the changes illustrated by Fig. 1 and 2. 

As already described, these patients returned for further examination. The one who showed ventricular 
>xtrasystoles when the hernia was dilated did not reproduce these. Inthe remaining five, minor changes were 
10ted in lead III and to a lesser extent in lead aVF in most of the positions and on deep respiration. In two 





oVL aVF 





(a) (b) (a) (b) (c) 


Fic. 1.—{a) Before swallowing barium. Fic. 2.—(a) Before swallowing barium. (b) After swallowing barium. 
(b) After swallowing barium. (c) Two minutes after glyceryl trinitrate, hernia still full. Note 
the T wave change in (b), unaltered by glyceryl trinitrate. 


TABLE 
SUMMARY OF THE FINDINGS IN THE SIX PATIENTS SHOWING ELECTROCARDIOGRAPHIC CHANGES 























Age Initially | After distension | After trinitrin Hernia | Angina 

1 65 T If inverted; flat | T III more deeply inverted | -- Small & | Absent 
aVF variable | 

2 58 T Ill and aVF in- | T III & aVF more deeply No change Small Present 
verted, TII flat | inverted | | | 

3 45 | T IT and aVF up- | T III & aVF less tall; STII | Nochange | Large Absent 
right; Rs pattern | deeper; R aVL taller 
Ill, aVF } 

4 54 T III inverted | T III more deeply inverted. No change | Small & Absent 

| | S inaVF deeper variable 
5 64 Low voltage QRS Occasional ventricular No change Large Absent 
extrasystoles 
6 47 | T III inverted T III more deeply inverted. _— Small | Present 


T in aVF flatter 





All were women except the last. 
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of them the changes produced by swallowing barium were reproduced when the patient stood and in one the 
change on standing resembled this appearance but was not quite so much. In another the initial electro. 
cardiogram on the return visit showed T wave inversion in lead III equal to that noted after swallowin; 
barium. This became less in every position except the standing and Trendelenberg positions. In th 
remaining one the changes seen after the barium swallow could not be reproduced. 

In all five cases, exercise lessened the amplitude of the T wave in lead III and in one it became uprigh 
after being inverted. In the two in whom cardiac pain was produced, the electrocardiogram showed S-1 
depression of 1 mm. in lead V4 in one and leads V4 and V5 in the other. The changes following exercis: 
bore no resemblance to those found after dilatation of the hernia. 

Thus standing reproduced the change in two and produced a similar change in one of the five cases. On 
might be said to have a tendency in that direction while the other showed no similar change. The wel 
known tendency of lead III to vary with position was incidentally demonstrated. An example of thes 
changes is shown in Fig. 3. 

Two of these five patients exceeded their optimum weight by more than ten per cent. 









Distended Trinitrin 
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Fic. 3.—Changes in lead III in one of the cases studied. 


DISCUSSION 


Gastro-intestinal symptoms have long been associated with disease of the cardiovascular system. 
Osler (1897) noted that, as an attack of angina pectoris ended, the patient might belch quantities 
of gas or pass flatus from the bowels, both with apparent great relief. Much significance was given 
to this clinical observation by Verdon (1920) who claimed that angina pectoris was due to acute 
spasmodic inco-ordinated contraction of the esophagus and stomach. This was investigated 
experimentally by Jackson and Jackson (1936) who concurred with the view. 

As already mentioned, various stimuli have been applied to the esophagus and stomach and the 
electrocardiographic effects observed. By producing pain by balloon distension of the stomach in 
five patients, two with myocardial disease, Johnson and Laing (1940) have demonstrated changes 
in the T wave in three and the QRS complex in one, all in lead III. It was thought that these 
alterations might be due to a change in the position of the heart. Using a similar technique, 
Morrison and Swalm (1940) produced electrocardiographic changes in two out of four patients with 
cardiac disease while the balloon was in the cesophagus. These findings were less convincing, one 
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-howing sinus block and ST-T depression recorded while the patient was fainting, the other showing 
left ventricular strain picture but with no control for comparison. 

By distending hiatus hernie by a balloon, Kohli and Pearson (1952) produced the picture of 
irdiac rotation in two and myocardial ischemia in two patients out of a total series of eight. They 
ent on to reproduce the ischemic picture in the last two patients by exercise. 

In planning our investigation, the barium method was chosen in preference to the others since it 
as considered less likely to disturb the patients. In addition, the degree of gastric filling that 
‘as simultaneously achieved was considered an advantage in that the circumstances produced were 
1ore comparable with those occurring spontaneously in the patient than the state produced by 
istending the cesophagus or hernia. 

Our findings in this series appear to follow the general pattern already described, five of the six 
1anges affecting lead III, four of these involvingleadaVF. This type of change had been produced 
y altering the position of the patient (Goldberger, 1954). It seemed possible that the changes in our 
atients were due to slight alterations in the position of the heart since standing was found to re- 
roduce the pattern in four patients. The great tendency of lead III to alter with position was 
gain demonstrated. 

The possibility that these changes were due to myocardial ischemia following a reflex coronary 
onstriction had to be considered. If this were the reason, one would have expected some deviation 
ithe S-T segments. This was not seen in any case. In addition, had this been the explanation, the 
nanges following exertion should have resembled those found when the herniz were dilated. This 
as not so and in each case the T wave inversion, when present, became less following exercise. 
he fact that cardiac pain was produced by this procedure in the two patients with this complaint 
ows that, in these two at least, myocardial ischemia had been produced. In these patients this 

was further proved by S-T depression in the precordial leads. 

On the other hand, if the changes are attributed to alteration in cardiac position one wonders 
why the greatest differences were not seen in the eleven patients with larger hernia. The most 
likely explanation is that by the method we used, many of these herniz were not adequately filled and 
that had they been firmly distended by a balloon they would have caused changes. In support of 
this, of the six patients exhibiting alterations in the electrocardiogram the one with the appearance 
most suggestive of positional change was found to have the largest hernia (Fig. 1; Table, Case 3). 

The spontaneous variations in T wave that we observed in seven instances have been found by 
others, but serve to illustrate once more the possible danger of comparing very short strips of electro- 
cardiographic record. These changes have been clearly demonstrated by Bloom and Gubbay 
(1957) while their patient was in deep inspiration and no hernia was visible. It would then appear 
that neither of these factors could be held responsible. 

Again, although our aim was not to reproduce symptoms, it was interesting that the only patient 
in whom these occurred had very free cesophageal reflux following trinitrin. Assuming that in 
some patients with hiatus hernia chest pain can be caused at times by cesophageal spasm, we might 
expect trinitrin to bring relief by relaxing it and, in this case, cesophageal relaxation of a striking 
degree was observed. It is well known that some sufferers do in fact obtain relief when trinitrin is 
administered and it would not be surprising if this type of pain, as a result of its response, were 
confused with the pain of myocardial ischemia. 

Our results in this small series lead us to the conclusion that the electrocardiogram may be 
influenced by the presence of a hiatus hernia. These changes are likely to be seen in lead III and, 
from the behaviour of the electrocardiogram under the experimental conditions described, we feel 
that change in heart position is the most probable explanation for them. 


SUMMARY 


The investigation by radiology and electrocardiography of twenty patients known to have hiatus 
hernia is described. After an initial electrocardiogram each patient swallowed a pint of thick 


barium emulsion and a further record was taken when the hernia was filled. 
2U 
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In six patients electrocardiographic changes were produced by this procedure involving lead I]: 
in particular. 

These findings are discussed and it is concluded that in the presence of a full hiatus hernicz, 
alterations may occur in the electrocardiogram. These are attributed to positional changes an:| 
are considered unlikely to be confused with the changes of ischemic heart disease. 


We would like to thank Dr. J. H. Wright for his great assistance, also Dr. J. D. Olav Kerr who suggested this study 
and Professor E. J. Wayne for their criticism and advice. 
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The present study represents an analysis of all patients admitted to the Royal Victoria Hospital, 
elfast, during the period 1953 to 1956 inclusive. The object was to determine the incidence and 
ortality in relation to sex, age, and the blood pressure on admission and in particular in relation to 


‘ imatic factors. The influence of weather was especially studied, because of an impression that 


( ie admission rate varied with the time of year, a feature that has been reported previously (Teng 


cad Heyer, 1955), but inadequately studied. 


METHODS 


The records of all patients admitted as coronary thrombosis or myocardial infarction during 
tiie period 1953 to 1956 inclusive were reviewed and in addition meteorological data for the City 
of Belfast were obtained from the Meteorological Observatory of Queen’s University of Belfast. 
In each case details of age, sex, blood pressure on admission, address, date of infarction, activity at 
the time of infarction, and ultimate fate were recorded. Where there was a history of more than 
one attack, only the details of the first were taken. There were in all 390 cases, but 30 of these 
were excluded, because they lived outside Belfast, where no meteorological information was avail- 
able. In a further 62 cases the records were incomplete in one or more respects: these were 
excluded from the study apart from certain comparisons, for which data were available. In only 
126 cases were the activities of the patients at the time of onset of myocardial infarction 
recorded. 

There is no reason to believe that the patients for whom data were incomplete differed in any 
way from the rest. Also, the system of admissions in the Belfast area would justify the assumption 
that the admissions of patients with coronary disease into the Royal Victoria Hospital are typical 
of those of all general hospitals in Belfast. 

Summary of Statistical Techniques. In this report the frequency of admissions of patients with 
coronary thrombosis has been examined in relation to age and sex, daily, monthly, and seasonal 
variations, and also in relation to the possible influences of meteorological changes. The immedi- 
ate mortality of these cases has also been examined with regard to age and blood pressure on 
admission. 

Throughout this report these observed frequencies have been tested against frequencies expected 
by particular hypotheses by means of the x2 test. The hypotheses on which the expected values 
are calculated vary for the different variables given above. For example, the observed number of 
admissions on each day of the week was compared with that expected on the hypothesis that, if 
there was no variation with the day of the week, then admissions would be expected to occur with 
equal frequency (i.e. on any one day one-seventh of the total admissions). The expected values for 
monthly and seasonal distributions of admission were calculated on similar hypotheses. 
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The expected distribution of admissions at a specific minimum temperature was calculated on 
the hypothesis that a number of admissions on any day with a given minimum temperature was 
directly proportional to the number of days on which that given minimum temperature was recorded 
(i.e. if x per cent of all days in the period 1953 to 1956 had a given minimum temperature, then 
x per cent of all admissions would be expected to have occurred on days having the given minimum 
temperature). Similar hypotheses enabled the expected distributions of admissions for maximum 
temperature, maximum-minimum temperature deviation, barometric pressure, and relative humidity 
to be calculated. 

Vhere possible all of the variables mentioned earlier have been studied in relation to four age 
groups. 2 was thus calculated for each variable irrespective of age and the probability obtained. 
A test of heterogeneity was then applied, when the expected numbers were large enough for x? to 
be calculated, to assess where the results obtained for all ages combined, in fact, apply equally to 
each of the four age groups. 

Throughout the report, a value of P<0-05 is regarded as significant. 


RESULTS 


In this series of 298 cases there were 223 men and 75 women; a ratio of 3:1 (Table I). 


TABLE I 


AGE AND SEX DISTRIBUTION OF 298 CASES OF CORONARY THROMBOSIS ADMITTED TO THE ROYAL VICTORIA 
HospiTAL, BELFAST, 1953 To 1956 





| Age groups 





Sex Under 50 | 50—59 | 60—69 | andover | Total 





| Observed | Expected | Observed | Expected | Observed | Expected | Observed | Expected 





| | 











Men 49 | 442 | 81 | 718 | 67 733 | 26 33-7 223 

(83%) | |} (84%) | | (68%) | , 68% | (5%) 

Women | 10 | 148 | 15 | 242 ey | 247 | 19 11:3 | 75 

(17%) | (16% (32°%) | 42%) | 25%) 

Total 59 96 | 98 | 45 298 
(20% (32%) (33%) (15%) 





x2 (based on absolute numbers) =17-4 
Degrees of freedom=3 
P<0-001 


As will be seen from Tables II and III no significant differences were noted between the observed 
and expected admission for any particular day of the week or season of the year. Maximum 
temperature on the day of infarction did not appear to influence the admission rate (0-2>P>0-1) 
and in the same way the effect of maximum to minimum temperature range was insignificant 
(0-8>P>0-7). Ata higher relative humidity there appeared to be fewer admissions as compared 
with the expected number of cases (0:05>P>0-02). 

The patient’s age (Table IV), systolic blood pressure (Table Va), and diastolic blood pressure 
(Table Vb) on admission appeared to have a significant effect on the immediate mortality. 

Of 126 cases, whose activities at the time of infarction were known, 58 (46°%) had attacks while 
asleep or at complete rest (Table VI). 

As will be seen from Table VII, barometric pressure did not appear to have a significant effect 
on the admission rate. When considered in relation to the four age groups under study, a rise in 
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TABLE II 


FREQUENCY DISTRIBUTION OF CASES OF MYOCARDIAL INFARCTION ADMITTED ON DIFFERENT DAYS 


OF THE WEEK TO THE ROYAL VICTORIA HOSPITAL, BELFAST, FROM 1953 To 1956 














Day of week Observed Expected 
Sunday e * 31 37°57 
Monday oe - 48 37-57 
Tuesday a = 41 37°57 
Wednesday .. ox a 37°57 
Thursday a a 40 37-57 
Friday .. sri ae 33 | 37-57 
Saturday - ocd 37 STS7 

Total oS — 263 263 
x2=5°9 
Degrees of freedom=6 
0:5>P>0:3 


A test of heterogeneity shows this result applies to the various age groups studied. 


TABLE III 


FREQUENCY DISTRIBUTION OF CASES OF ACUTE MYOCARDIAL INFARCTION ADMITTED TO THE 
ROYAL VICTORIA HosPITAL, BELFAST, DURING THE VARIOUS SEASONS, FROM 1953 To 1956 























Months Observed Expected 
December, January, February sa 85 71-6 
March, April, May .. es wa 76 78:1 
June, July, August .. na ne 77 78-1 
September, October, November .. 55 65:2 
Total... me ae ee 293 293 
x2=4-15 


Degrees of freedom =3 
0:30>P>0-20 
A test of heterogeneity shows this result applies to the various age groups studied. 


TABLE IV 


IMMEDIATE MorTALITY IN RELATION TO AGE, OF 297 CASES OF ACUTE MYOCARDIAL 
INFARCTION ADMITTED TO ROYAL VICTORIA HOSPITAL, BELFAST, FROM 1953 To 1956 














Age group 
Outcome ss = —- Total 
<50 50—59 60—69 70+ 
Death " i % 6% uy | 3% =| 412% 
Alive - - 93% 94% | 89% | 64% | 88% 
Number of cases .. 59 96 97 45 297 


| | | | 








x2 (based on absolute numbers only)=27:3 
Degrees of freedom =3 
P<0-001 
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TABLE Va 


RELATIONSHIP BETWEEN IMMEDIATE MORTALITY AND SYSTOLIC BLOOD PRESSURE ON 
ADMISSION 





Systolic blood pressure 






































Outcome | (mm. Hg) | Total 
| <10 | 110-129 | 130-149 | 150+ | 
Death = tl 36% 11% | 10% TA | | 9 a7 A 
Alive ee ee” ee eS | 9% | 93% | 88% 
Number of cases .. 39 57 79 121 | 296 
x? (based on absolute numbers, not percentages) =23 
Degrees of freedom=3 
P<0-001 
TABLE Vb 
RELATIONSHIP BETWEEN IMMEDIATE MORTALITY AND DIASTOLIC BLOOD PRESSURE ON 
ADMISSION 
| Diastolic blood pressure | 
Outcome (mm. Hg) Total 
| <80 80—89 90-99 | 100+ | 
Death a “~_ | m.| WK | 1% 
Alive - wf @% | S% 91% | 89% | 88% 
Number of cases... | 72 64 | 69 91 | 296 
x2 (based on absolute numbers, not percentages) =8-6 . 
Degrees of freedom =3 
0-05>P>0-02 
TABLE VI 


MODE OF ONSET OF 126 CASES OF ACUTE MYOCARDIAL INFARCTION, ADMITTED 
TO ROYAL VICTORIA HOsPITAL, BELFAST, FROM 1953 TO 1956 INCLUSIVE 





| | 


Number of cases Number of cases 





Mode of onset (Total) | (Percentage) 
I. Awakened from sleep, and at rest .. | 58 | 46 
II. During moderate activity .. es 51 40 


III. During severe exertion as wa 17 14 





the barometric pressure appeared to increase significantly the admission rate of the older patients 
mainly from 60 years onwards (0-01>P>0-001). This result is confirmed by applying the hetero 
geneity test (0-01 >P>0-001). 

A fall in the minimum temperature (Table VIII) appeared to increase the admission rate. Thi: 
result remains significant irrespective of the age groups, and is particularly consistent at minimur 
temperature ranges below 40° F. An attempt was made to assess the effects of the two variable: 
(barometric pressure and minimum temperature) when the other was held constant; e.g. during th« 
160 days when barometric pressure was 1005 mm. Hg-1009 mm. Hg 35 cases were admitted. Fo: 
4 of the 160 days the maximum temperature was 25° F.—29° F.; therefore, we should expect 4/16 
of these 35 cases to have been admitted when the temperature was 25° F.—29° F., on the hypothesis 
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TABLE VII 


FREQUENCY DISTRIBUTION OF CASES OF ACUTE MYOCARDIAL 
INFARCTION AT DIFFERENT RANGES OF BAROMETRIC PRESSURE 
(MINIMUM TEMPERATURE NOT CONSTANT) IN BELFAST 


(See text for explanation of method) 





Barometric Observed number | Expected number 











pressure of cases | of cases 
Under 1000 41 | 37-6 
1000—09 56 | 53-4 
1010—19 75 80:4 
1020 and over 65 65:6 
Total me ee 237 237 
x2=0-79 
Degrees of freedom=3 
0:90>P>0-80 


For four age groups 
Total x2=26-27 
Degrees of freedom=12 
0-:01>P>0-001 


A test of heterogeneity shows this result remains 
significant for the age groups 60— and 70+. 


TABLE VIII 


FREQUENCY DISTRIBUTION OF CASES OF ACUTE MYOCARDIAL 
INFARCTION AT DIFFERENT RANGES OF MINIMUM TEMPERATURE 
(BAROMETRIC PRESSURE NOT CONSTANT) IN BELFAST 


(See text for explanation of method) 











Minimum Observed number | Expected number 
temperature* | of cases of cases 

Under 35 44 34-5 
35—39 37 38-4 
40—44 70 48-7 
45—49 35 45:3 
50 and over 51 70:1 
Total - earl 237 | 237 





* In degrees Fahrenheit. 


Total x2=19-6 
Degrees of freedom=4 
P<0-001 


A test of heterogeneity shows this result applies to the various age groups. 


that for a given barometric pressure, there was no association between admission rate and tempera- 
ture. Similar calculations were made for each temperature group, and the whole process repeated 
for each barometric pressure group. The expected distributions of admissions thus obtained were 
compared with the observed distributions of admissions. 

The result shows that when the barometric pressure is constant, the minimum temperature 
remains significant (Table IX), but when the minimum temperature is constant, the barometric 
pressure no longer has a significant effect on the admission rate. No significant correlation was 
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TABLE Ix 


FREQUENCY DISTRIBUTION OF CASES OF ACUTE MYOCARDIAL 
INFARCTION AT DIFFERENT RANGES OF MINIMUM TEMPERATURE 
HOLDING BAROMETRIC PRESSURE CONSTANT, IN BELFAST 


(See text for explanation of method) 











Minimum | Observed number | Expected number 
temperature* | of cases of cases 

20—29 19 10-7 
30—34 25 22-9 
35—39 37 38-7 
40—44 70 49 
45—49 35 45-9 
50—54 35 50 
55 and over 16 19-8 

Total .. = 237 237 





* In degrees Fahrenheit. 
x2=23-7 
Degrees of freedom=6 
P<0-001 


found between barometric pressure and minimum temperature (r=0-006, 1289 degrees of freedom, 
P>0-05). 


DISCUSSION 


Some of the findings confirm generally held beliefs: for example, in this series men were affected 
more than women in the ratio of 3:1. Also, infarction occurred at a younger age group in men. 

Mortality. There were 35 deaths (12°%), and more deaths occurred in the older age groups. 
A point of some practical importance in the management of these patients is that 90 per cent of 
the deaths occurred within the first 15 days of admission. It is clear that the maximum therapeutic 
effort should be devoted to this period. 

The immediate prognosis is worse in those patients with low systolic blood pressure on ad- 
mission. For example, in patients with systolic blood pressure below 110 mm. Hg the mortality was 
36 per cent, while it was only 7 per cent in patients admitted with systolic blood pressure of 150 
mm. Hg and over. These results confirm the findings of Shillito et a/. (1942). 

Relative Humidity. A rise in the relative humidity appeared to increase the incidence of coronary 
thrombosis. Humidity changes have been reported to affect patients with heart disease, particu- 
larly in tropical and subtropical climates (Burch, 1946). 

Barometric Pressure. Examination of the crude data shows a significant correlation between 
barometric pressure and the frequency of occurrence of myocardial infarction. On further analysis. 
where the minimum temperature is held constant, the barometric pressure ceases to be a significant 
factor. The relationship, therefore, is regarded as only an indirect one. 

Minimum Temperature. Generally, as the minimum temperature falls, the admission rate 
increases. This inverse relationship remains significant, both on examination of the crude data 
and on further analysis where the barometric pressure is constant. 

A relationship between changes in weather and heart disease has been reported by previous 
workers (Brown and Pearson, 1948; Teng and Heyer, 1955). At present not much is known aboui 
the mechanisms by which meteorological changes affect patients with coronary heart disease. 

Although the basic pathology in coronary thrombosis is coronary atherosclerosis, myocardia 
infarction and atherosclerosis should not be regarded as simple functions one of the other (Morris 
and Dale, 1955). 
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Physical exertion is sometimes regarded as astress factor that may precipitate myocardial 


‘nfarction in patients with coronary heart disease. In 126 cases the activities of the patients at the 


ime of onset of the infarct were known (Table VI); and 58 (46%) had their attacks while 
sleep or at complete rest. Physical exertion, in this group, therefore is not an important factor. 
\lso, no particular concentration of first attacks was noted on any day of the week. 

Lowering of the external temperature within a given range increases the rate of tissue meta- 
olism (Mills, 1939). This may put a strain on the heart, which thus suffers varying degrees of 
ypoxia. Exposure to cold produces vasoconstriction, which probably increases the work load 
f the heart. Blood pressures in normal or hypertensive subjects is said to fall by about 30 per 
ent of the pre-existing winter levels in summer and autumn, due probably to loss of vascular 
pasm (Mills, 1939). 

Halse and Quennet (1948) found that hyperprothrombinemia and thrombo-embolism occurred 
ith a drop in barometric pressure. It is possible that such relationship is only an indirect one, 
nd that temperature plays an important part here. If this proves to be the case, then we have 
ere a possible explanation of the findings in the present study. 

Myocardial damage has been observed in dogs in association with experimental hypothermia 
Sarajas et al., 1956). Bigelow ef al. (1950) noted that during progressive cooling, there is an 
icreasing aggregation of red cells in the peripheral vascular bed, resulting in complete cessation 
f capillary blood flow. No conclusions can yet be drawn from these findings; nor do the 
xperiments necessarily explain how myocardial infarction is produced in man at moderately low 
emperatures. 


SUMMARY AND CONCLUSIONS 


A brief statistical survey was made of cases admitted as coronary thrombosis to the Royal 
Victoria Hospital, Belfast, from 1953 to 1956. A possible relationship between weather changes 


and the onset of acute myocardial infarction was investigated. 


A higher mortality was noted in the older age groups; it would appear from this study that the 
lower the blood pressure on admission, the less favourable the immediate prognosis. Most deaths 
occurred within 15 days of admission and the first few days may be regarded as the “‘critical period”’ 
of this disease. 

An increased frequency of occurrence of acute myocardial infarction was noted during periods 
of low minimum temperatures. It appears from this study that the onset of cold weather may 
precipitate attacks of acute myocardial infarction in patients with coronary heart disease. 


I wish to thank Professor G. M. Bull for his most valuable advice and encouragement, and Dr. Cheeseman for 
his advice in the preparation and analysis of the statistical data. I am also indebted to Mrs. McCabe, Mr. Merrett, 
and Miss Weller for technical assistance. 
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There are already numerous reports on the electrocardiographic changes occurring in experi- 
mental and clinical hypothermia. The characteristic pattern consists of progressive bradycardia. 
prolongation of the P-R, QRS, and Q-T intervals, changes in the S-T segment, and occasional 
ventricular fibrillation (Churchill-Davidson et al., 1953; Ross, 1954; Fleming and Muir, 1957; 
Emslie-Smith, 1958; Emslie-Smith et a/., 1959). Emslie-Smith (1958) expressed the view that this 
electrocardiographic pattern and especially the J deflection at the junction of the QRS complex 
and the S-T segment is pathognomonic of the hypothermic state. In our own studies we have been 
particularly interested in the pharmacological behaviour of the hypothermic heart. In the present 
paper we propose to describe briefly the cardiographic changes we have observed in the 
experimental animal at various stages of cooling, and in a separate communication we intend to 
discuss the effects of digitalis under hypothermic conditions. 


MATERIAL AND METHOD 


Hypothermia was produced in 48 cats and 7 dogs by covering the anesthetized animal with 
crushed ice. The lowest rectal temperature reached in these experiments was 17°C. Rewarming 
was achieved by placing the animal on a warm radiator. In four additional experiments we studied 
the effect on the S-T segment of focal cooling, which was carried out by placing a test tube filled 
with iced water on the conus area of the exposed right ventricle. The blood pressure was measured 
by a mercury manometer connected to the carotid artery. Electrocardiograms, usually three limb 
leads and occasionally chest leads, were taken at the start of the experiment and then at very fre- 
quent intervals during cooling and rewarming. 


RESULTS 


The electrocardiographic changes observed in cats and dogs were similar in character and 
frequency, except that ventricular fibrillation was more common in dogs. A characteristic 
sequence of events during cooling is shown in Fig. 1 and 2. 

Heart Rate and A-V Conduction. In all experiments there was a progressive slowing of the 
ventricular rate, due at first to sinus bradycardia. The P-R interval became longer, but did not 
always exceed the upper limit of normal. Partial or complete A-V dissociation appeared in 
half of the experiments at temperatures between 19° C. and 32° C. 

These changes were in principle reversible on rewarming. However, complete heart block 
behaved unpredictably: in some experiments it appeared intermittently during the cooling period 
(Fig. 3) and, when it was associated with a mean arterial blood pressure of less than 40 mm. Hg, 
rewarming was occasionally accompanied by a further fall in the blood pressure and persistence 
of a slow idioventricular rhythm, until cessation of electrical activity or the appearance of ventricular 
fibrillation. 
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P, ORS, and T Waves. P wave changes were inconsistent, showing either a decrease or increase 


'n amplitude, and occasionally there was a complete atrial standstill. The QRS complex became 


vider in several experiments, but the upper limit of normal was only exceeded when idioventricular 


-hythm appeared. T wave changes in the form of lowering or inversion appeared in every experi- 


nent. These changes were also reversible, when the temperature was restored to normal. 




































































1.—Cat, weight 2-6 kg., lead Il. Hypothermia 
deflection at the junction of the QRS complex 
and the S-T segment at 26°C. Ventricular 
tachycardia followed by asystole at 19° C. 








Fic. 2.—Dog, weight 8-6 kg., lead II. Junctional 
deflection first observed at 27°C. Ventricular 
tachycardia at 19-5° C. and ventricular fibrillation 
at 19°C. 


S-T Segment. Slight elevation of the S-T segment often preceded the development of the 
characteristic J deflection, which was first seen at 28°C. and became progressively larger as 
the temperature fell. This characteristic hypothermia deflection was also reversible (Fig. 4). 
Q-T Interval. The Q-Tc interval became gradually longer as the temperature fell and it 
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Fic. 3.—Cat, weight 2:4 kg., lead II. Complete heart block first seen at 32°C. Sinus rhythm 
at 30°C. Re-appearance of complete heart block at 28° C. 


shortened again during rewarming. It was usually but not invariably shorter during rewarming 
than during cooling at comparable temperatures. - 

Cardiac Arrhythmias. Extrasystoles, always ventricular, were present on several occasions. 
Ventricular fibrillation, which was irreversible, appeared at 19-5° C. or at a lower temperature in 
17 per cent of the experiments in cats and in 50 per cent of those in dogs. 


DISCUSSION 


The electrocardiographic changes described in the present paper are similar to those previously 
observed in hypothermia in man and in the experimental animal. Emslie-Smith et al. (1959) 
described two basic patterns in respect of the changes in the S-T segment and T wave: a positive 
J deflection with inverted T wave, and a negative J deflection with upright T wave. The former 
pattern was much more common in our series. 

Lange et al. (1949) thought that the electrocardiographic changes were due partly to the direc! 
effect of cold and partly to anoxia caused by lowered oxygen dissociation. The anoxic nature o' 
the S-T segment and T wave changes seemed to them to be proved by the fact that these change: 
were reversed to normal by increasing the oxygen dissociation. Electrolyte changes may also pla\ 
a role in the production of some of the cardiographic abnormalities, but the evidence is a’ 
present contradictory (Lange et al., 1949; Scurr, 1955; Johansson et al., 1956; Santos and Kittle 
1958; Spurr and Barlow, 1959). In this connection the findings of Angelakos et al. (1957) are o 
great interest : they found that dogs rendered hypercalcemic prior to the induction of hypothermi: 
succumbed to ventricular fibrillation at relatively high temperatures, whereas those renderec 
hypocalcemic by NaEDTA infusions succumbed to asystole at much lower temperatures. 

The electrocardiographic changes, except ventricular fibrillation, were reversible on rewarming 
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‘cular fibrillation was irreversible at 22° C. or below, but in their experience it was reversible at 
igher temperatures. The reversibility of the cardiographic changes suggest that they are 
inctional in character and not due to permanent anatomical changes. However, Sarajas (1956) 
bserved necrotic foci in the heart muscle with occasional cellular reaction in dogs subjected to 
oderate or to deep hypothermia of one to four hours duration. On the other hand, Johansson 
id Hall (1959) found no evidence of heart muscle damage. 
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Fic. 4.—Cat, weight 1-7 kg., lead II. Junctional Fic. 5.—Cat, weight 2 kg., lead II. Focal cooling. 
deflection at 24° C. Gradual diminution in Only slight slowing of heart rate. Junctional 
size with complete disappearance of junctional deflection with direct transition to inverted T 
deflection after rewarming wave. 


The J deflection may occasionally occur after prolonged focal cooling of the right ventricle also. 
We were able to observe the development of this deflection on two occasions (Fig. 5); in two other 
instances focal cooling was followed only by elevation of the S-T segment similar to that usually 
seen in subepicardial injury. Following focal cooling a J deflection is also visible in some of the 
electrocardiographic complexes reproduced in Fig. 6 of the paper by Scherf ef al. (1955). Further- 
more, we have encountered during the past year three patients with cardiac ischemia, whose 
cardiograms (Fig. 6) showed a small deflection at the junction of the QRS complex and S-T 
segment similar to that described by Emslie-Smith (1958) in accidental hypothermia in man. As 
far as we know from the routine temperatures taken in the ward these three patients were not 
hypothermic. These findings suggest that a focal injury may very occasionally also produce a 
small J deflection, seen constantly and to much better advantage in general hypothermia. 
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Fic. 6.—Tracings of three patients with acute cardiac ischemia. Note small 


junctional deflection. 


SUMMARY F 


The electrocardiographic changes observed in induced hypothermia in cats and dogs are 
described. The most constant changes were progressive bradycardia, defective A-V conduction, 
prolongation of the electrical systole, and the characteristic J deflection at the junction of the QRS 
and S-T segment. Ventricular fibrillation occurred more frequently in dogs than in cats. 

These changes, except ventricular fibrillation, proved reversible on rewarming and restoration of 
normal temperature. 

Focal injury of the heart as produced experimentally by focal cooling of the right ventricle or 
by cardiac ischemia in man can occasionally also give rise to a small J deflection, similar to 
that seen in general hypothermia. 


Our thanks are due to Dr. C. B. Henderson for allowing us to reproduce one of the electrocardiograms in Fig. 6. 
We should also like to acknowledge a grant received by one of us (N.A.W.) from the King’s College (Newcastle) 
Research Fund. 
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In view of the frequent use of hypothermia in certain surgical procedures, the pharmacological 
ehaviour of the hypothermic heart assumes practical significance. The present paper is concerned 
ith some aspects of digitalis action in the hypothermic animal. 


RESULTS 


Digitalis and the Heart at Normal Body Temperature. A previous study from our department 
Szekely and Wynne, 1951) and further unpublished experimental data show that (1) the intravenous 
average lethal dose of tincture of digitalis in the cat is 1 ml. per kg. and (2) cardiac arrhythmias 
ccur very frequently with ventricular fibrillation as the usual terminal event. These findings are 
in agreement with the original work of Robinson and Wilson (1918). A characteristic sequence of 
events is shown in Fig. 1. 

Digitalis in Hypothermia. Hypothermia was induced in 24 cats by the method described in a 
previous communication (Wynne ef a/., 1960). At various temperatures ranging from 21° C. to 
32° C. one-third of the average lethal dose of tincture of digitalis, calculated as for cats at normal 
body temperature, was injected at five-minute intervals until death of the animal. 

The average lethal dose of digitalis was found to be larger in hypothermia than in animals at 
normal body temperature. The lower the temperature, the larger the average lethal dose appeared 
to be. This relationship is shown in Table I. 


TABLE I 
DIGITALIS IN CATS AT NORMAL Bopy TEMPERATURE AND DURING HyPOTHERMIA 


| 

















Average lethal dose of | Incidence of 
Temperature tincture of digitalis, ventricular fibrillation, 
ml. per kg. percentage 
Normal 1 90 
2? C.-32 C. 1-5 62:5 
25° C.-28° C. 2°5 37°5 
21° C.-24° C. | 3 | 12:5 





Ventricular fibrillation as a result of digitalis action was encountered much less frequently 
than was the case in animals at normal body temperature, and its incidence diminished with falling 
temperature (Table I). The electrocardiogram reproduced in Fig. 2 is representative of the changes 
observed following the administration of digitalis in hypothermia. Other cardiac arrhythmias 
647 
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Fic. 1.—Cat, weight 2 kg., lead Il. Normal temperature. 
(A) Initial tracing. (B—E) After a total amount of 1 ml. 
per kg. of tincture of digitalis. Ventricular extrasystoles 
followed by ventricular. tachycardia and ventricular 
fibrillation. 


such as extrasystoles and ventricular tachycardia were also much less common than in the control 
group. 

The elevated S-T segment produced by hypothermia as well as the T waves were lowered by 
digitalis in several experiments (Fig. 3). However, this digitalis effect became less noticeable 
at lower temperatures. The prolonged Q-Tc interval was not significantly altered by digitalis. 


DISCUSSION 


The present investigations show that myocardial sensitivity to digitalis is reduced in hypothermic 
cats. The average lethal dose of digitalis is larger and digitalis-induced cardiac arrhythmias. 
including ventricular fibrillation, are less frequent in hypothermia than at normal body temperature 
Satoskar and Trivedi (1956) also found in cats that the amount of digitalis needed to produce cardiac 
arrest at 25° C.-26° C. was significantly larger than the dose that produced similar effects in 
animals at 37° C: in their experience ventricular fibrillation following the administration of digitalis 
was also less common in hypothermia than at normal body temperature. Crismon and Ellioti 
(1947) reported that hypothermic rats which received lanatoside C developed cardiac arrhythmia: 
less frequently than the controls. Angelakos et al. (1958) observed a diminished susceptibilit 
of the hypothermic dog heart to ouabain-induced arrhythmias, as compared with animals a’ 
normal body temperature. They found that the amount that produced cardiac arrhythmias a’ 
normal body temperature was only one-fifth of that required at 27°C. Lombardo et al. (1957 
stated that hypothermic animals subjected to venous inflow occlusion and open cardiotomy wer: 
less likely to develop ventricular fibrillation, if they received acetyl strophanthidin. 

All the available data suggest that hypothermia protects the animal to some extent agains’ 
digitalis-induced cardiac arrhythmias. This antagonistic effect of digitalis and hypothermia cannot! 
be satisfactorily explained on the basis of electrolyte changes. Potassium and digitalis are believec 
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DIGITALIS AND THE HYPOTHERMIC HEART 








Fic. 2.—Cat, weight 1-7 kg., lead II. (A) Sinus rhythm. Hypothermia 
deflection at the junction of QRS complex and S-T segment at 24° C. 
(B-E) 22°C.-24°C. After a total amount of 3-33 ml. per kg. of 
tincture of digitalis. Slow ventricular rate throughout until cardiac 
arrest. Note absence of ventricular fibrillation. 


to be antagonistic in their action, but there is no conclusive evidence of an increase in intracellular 
potassium in hypothermia. It is known that the effect of cold is opposite to that of digitalis on the 
refractory period of the myocardium and this may be responsible for the behaviour of the digitalized 
heart (Angelakos et al., 1958). 

According to current concepts the toxic manifestations of digitalis are but an extension of the 
therapeutic effects at the cellular level and the therapeutic-toxic ratio remains essentially unchanged 
(Lown and Levine, 1955). This point was experimentally investigated by Taeschler and Weidmann 
(1957) and by Taeschler et a/. (1958) in relation to hypothermia. They found that digitalis had no 
positive inotropic effect on the isolated guinea pig atrium, when the perfusing fluid was cooled to 
18°-19° C.: toxic effects were also absent even after very large doses. On rewarming the fluid to 
30° C. digitalis produced a positive inotropic effect again and further amounts led to toxic changes. 

It is reasonable to assume that, if the hypothermic human heart also shows a decreased sensitivity 
to digitalis toxicity, then its responsiveness to therapeutic doses of digitalis is likely to be also 
diminished. In this case larger amounts of digitalis would be required to achieve therapeutic effects 
during hypothermia than at normal body temperature. 
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Fic. 3.—Cat, weight 1-7 kg., lead II. (A) Initial tracing at 36° C. 
(B) Elevation of S-T segment at 28°C. (C) After 0-66 ml. per kg. 
of tincture of digitalis at 28°C. Note lowering of S-T segment and 
T wave. 


SUMMARY 


The average lethal dose of digitalis was found to be significantly larger in hypothermic cats 
than in controls at normal body temperature. Digitalis-induced cardiac arrhythmias also occurred 
much less frequently in hypothermia than at normal body temperature. 

The significance of these findings is discussed. 
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The general features of acute non-specific (benign) pericarditis are now well known from the 
rge number of cases reported from the United States (Barnes and Burchell, 1942; Carmichael et al., 
951; Scherl, 1956; Chapman and Overholt, 1957) and Scandinavia (Krook, 1954). Accounts from 
lis country are limited to smaller numbers of patients (Davies, 1952; Bower et al., 1953; 
/ill and Fleming, 1958). A clear pattern emerges from these reports and it is not proposed to 
escribe the syndrome in elaborate detail but rather to emphasize certain unusual features and 
ifficulties that have occurred in the present series of fourteen patients. 

The clinical picture of the ordinary uncomplicated case of acute non-specific pericarditis (ANSP) 
is usually that of a young man who complains of severe retrosternal pain which is made worse 
by movement and breathing. The temperature is raised and pericardial friction is present. The 
clectrocardiogram shows uniform elevation of the S-T period in most leads, without abnormal Q 
waves, followed in a few days by lowering of the T waves as the S-T period returns to the isoelectric 
level. T wave inversion follows and the tracing then returns to normal (Fig. 1 and 2). Radio- 
logical enlargement of the heart shadow due to pericardial effusion is commonly seen and there 
may be pleural effusion (Fig. 3). Increase of jugular venous pressure may occur. After a period 
of days or weeks all the abnormalities disappear and full recovery takes place. An upper respiratory 
infection often precedes or accompanies the onset of the illness. 

In the present series five cases followed this course and call for no special comment, but others 
showed unusual and sometimes puzzling features which will be mentioned in more detail. All the 
patients were men and their ages ranged from 19 to 75 years. One patient died (see Table). 

Pericardial friction is not invariably heard. It was absent in three patients and in another it 
was heard on one day only (Case 2). The occurrence of ANSP without friction has been previously 
noted; there were 13 (26°%) in Carmichael’s (1951) 50 patients and 11 (37°) in Scherl’s (1956) 
30 patients. No friction was heard in the fatal case of Pomerance et al. (1952). 

The number of patients who had repeated attacks, sometimes over long periods, is a striking 
feature of this series. In Case | there was a history of 17 attacks of retrosternal pain during 16 years: 
in two of these a friction rub was heard by doctors and in most of the others by the patient and his 
wife. In Case 5 there were 8 attacks of pain, 6 of which were observed, during 5 years: friction 
was heard in only one of the attacks. Another patient, Case 11, had 5 attacks of pain during 8 
months but no rub was ever heard. Three attacks occurred in two patients, Cases 3 and 12, and 2 
in one, Case 4. Recurrences have been frequently observed and were noted by Carmichael et al. 
(1951) in probably 9 (18°%) of their patients. Krook (1954) records 13 patients with relapses out of 
24 and one had 8 attacks in 10 years. Scherl (1956) notes relapses in 11 (369%) of his cases. Tomlin 
et al. (1952) describes a woman who had 19 attacks of chest pain between the ages of 6 and 27 years, 
in two of which she was examined: T wave changes only were found in the first attack but in the 
second friction was heard. They quote seven other cases with from 2 to 9 recurrences. Katz and 
Jackson (1957) describe a patient with 3 attacks in 8 years. 
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Fic. 1.—Electrocardiogram from Case 13 on 3rd, 10th, and Fic. 2.—Electrocardiogram from Case 11 three 
25th day of illness. weeks after onset of symptoms and seven 
months later. No pericardial friction was 

ever heard in this case. 


Signs of shock, pallor, and low blood pressure occurred in two of the present series (Cases 12 and 
13) and led to a confident diagnosis of cardiac infarction and the institution of anti-coagulant 
therapy, fortunately without ill effect. Severe shock appeared in the case reported by Coffen anc 
Scharf (1946), in the fatal case of Pomerance et al. (1952), and mildly in 2 of the 50 cases reported 
by Carmichael et al. (1951). One of Davies’s (1952) patients showed severe collapse in the early 
stages of the illness. 

Pain in the chest is not always a presenting symptom and a few painless cases have been reportec 
by Davies (1952) and Scherl (1956). Krook (1954) reports that 4 of his 24 patients had abdomina 
pain as the presenting symptom and that it was severe in two. In the fatal case of Pomerance et a/ 
(1952) there was tenderness and spasm over the upper right abdominal quadrant, but this might 
have been of hepatic origin. Powers et al. (1955) in reporting 13 cases of ANSP state that 5 
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Fic. 3.—Chest films from Case 12 about ten days after onset of second attack, showing widened heart shadow 
with pleural effusion, followed by return to normal eleven days later. 


complained of significant abdominal symptoms. One had a negative laparotomy and another 
was saved from a similar intervention by the migration of the pain into the chest. Severe 
ibdominal pain occurred in 2 out of the 30 cases of Scherl (1956). In the fatal case in the present series 
(Case 14) acute upper abdominal pain occurred after ANSP was well established: it probably 
marked an exacerbation of pleural inflammation and led to the decision to perform laparotomy 
and to his death during the induction of anaesthesia. The only abnormality found in the peritoneal 
cavity at necropsy was enlargement of the omental and retro-peritoneal lymph nodes. 

Only two fatal cases have been described before the present series which unhappily adds a third. 
McCord and Taguchi (1951) describe a male patient who was given anti-coagulant treatment as a 
case of cardiac infarction, where death occurred suddenly on the sixteenth day of illness and was due 
to hemopericardium: there was intense fibrinous pericarditis and no cardiac infarction. In the 
case of Pomerance ef al. (1952) death occurred shortly after admission in a shocked and dyspneeic 
woman with both abdominal and chest pain in whom surgical intervention had been seriously con- 
sidered: there was pericardial tamponade with sero-sanguineous fluid. Case 14 of the present 
series has been mentioned above and is described in detail below. In all these cases histological 
examination has shown a fibrinous pericarditis with infiltration by polymorphs and lymphocytes 
and only slight invasion of the underlying myocardium. There has been nothing to indicate 
tuberculous or rheumatic inflammation. 


CASE REPORTS 


Case 1. Civil servant, aged 43 when first seen in 1948. He began to have attacks of severe pain behind 
the sternum and in the right arm in 1943. The attacks occurred at night and would last about four hours. 
He would go a grey colour and vomit. After an attack he would feel exhausted but be able to go to work. 
There were six attacks at wide intervals up to 1948. In 1946, during an attack, both he and his wife heard a 
scraping noise in the chest. 

In June 1948 an attack developed and he sent for his doctor for the first time. Pericardial friction was 
present and I was sent for. The patient looked well, the temperature was normal and the blood pressure was 
135/95. Loud pericardial friction was heard all over the precordium, and was uninfluenced by respiration. 
An electrocardiogram showed moderate S-T elevation in leads Il and CR2, 4, and7. Next day he came to 
hospital. The friction rub was still present though faint, the lungs and heart were normal radiologically, 











654 W. G. A, SWAN 


and the cardiogram showed increased S—T elevation. The Wassermann reaction was negative. He was 
seen again a month later when he was quite well and the heart was normal on clinical, radiological, and 
electrocardiographic examination. 

He then left the district but has been followed up. There have been attacks of pain once or twice a year, 
seventeen in all so far. In 1952 his family doctor heard pericardial friction during an attack, and the 
patient states that his wife has often heard a grating sound during an attack and that he himself can feel it. 
He remains otherwise very well. When last seen, in September 1959, he appeared to be in perfect health. 
The blood pressure was 130/80 and the heart was normal on clinical, radiological, and electrocardiographic 
examination. 

Case 5. Bus conductor, aged 23. Admitted March 28, 1953. Eighteen months previously he had an 
attack of sharp pain behind the sternum, made worse by breathing, which lasted for one day. Ten days 
before admission a dull pain developed in the front of the chest which gradually became severe and he could 
only bear it if he kept quite still. His general condition was good. Temperature 100 °F., pulse 104, 
B.P. 130/80. No abnormality on clinical examination. Chest film normal. Electrocardiogram showed 
marked S-T elevation in I, Il, CR1, 2,4, and 7. The symptoms and fever abated in a few days and he 
was discharged. 

Re-admitted September 13, 1953, with further chest pain, pyrexia, and fresh S-T elevation. No pericardial 
friction was heard. The chest film showed an opacity in the right costophrenic angle and the heart shadow 
was wider than before. Recovery occurred in a few days. 

Re-admitted July 22, 1954, the day after the onset of deep-seated chest pain, made worse by breathing and 
movement, and spreading into the throat and jaws. Temperature 100 °F. No friction heard. Marked 
fresh S—T elevation in the electrocardiogram. The chest film showed a slightly widened heart shadow and 
pleural reaction in the left costophrenic angle. The attack subsided in a few days. 

Re-admitted August 29, 1954. A sore throat five days previously was followed by severe pain in the 
chest as before. Temperature 101 °F. No pericardial friction was present on admission but on September 
10 a rub was heard which persisted for nine days. The heart shadow was widened and there was again 
fresh S-T elevation in the electrocardiogram. 

Re-admitted October 2, 1954, with another attack of chest pain and pyrexia. No friction was heard but 
fresh S—T elevation was again present. 

Re-admitted November 12, 1954, with another attack of chest pain and pyrexia but no fresh electro- 
cardiographic changes. 

Re-admitted December 26, 1954 with persistent chest pain for the past fortnight. Afebrile and no 
friction heard but there was fresh slight S-T elevation. Six days later the temperature rose, there was right 
pleural pain and clinical and radiological evidence of consolidation of the lower lobe of the right lung. The 
heart shadow was slightly widened. 

During 1955 he remained well. The electrocardiogram became nearly normal but there was persistent 
slight S-T elevation and a low T wave in lead II. In June 1956 he had substernal pain for ten days but was 
not seen. In January 1958 he stated that he had had five attacks of chest pain each lasting about ten days in 
the past six months. The heart was normal on clinical, radiological, and electrocardiographic examination. 

He was given steroid therapy during October and November 1954 and then kept on sodium salicylate 
120 grains daily during 1955 and 1956. At no time were there any joint pains or swellings. The E.S.R. was 
moderately raised in the initial stages of the attacks. The leucocyte count was moderately raised with 
polymorphs predominating. 

Case 11. Labourer, aged 46. In December 1958 he had severe substernal pain going into the left arm 
and the left side of the neck for twelve hours. The pain returned a week later and lasted for two hours. 
A fortnight after this, similar severe pain developed which went on for twenty-four hours, and he was admitted 
in January 1959. The blood pressure was 105/70. The jugular veins showed one inch of filling, the liver 
was enlarged two finger-breadths, and there was a lumbar pad of cedema. There was no pericardial friction. 
There was a slight systolic murmur, otherwise the heart sounds were normal. A chest film showed slight 
widening of the heart shadow. The cardiogram showed slight S—T elevation in I, II, and V7 with low T 
waves (Fig. 2). The temperature was normal on admission but after seven days it rose to 100 °F. for two 
days. At the same time there was further central chest pain. The E.S.R. was 16 mm. in 1 hour on admission. 
Serum transaminase levels were normal. The Wassermann reaction was negative. The slight heart failure 
disappeared. Later, cardiograms showed inversion of T in I, II, and V2, 4, and 7. After discharge he had 
another attack of pain and tightness in the chest made worse by breathing and was re-admitted on March 22, 
1959. No pericardial friction was heard during the second admission but the electrocardiogram again 


Te 








TI CE a 








le was 
il, and 


1 year, 
id the 
feel it. 
1ealth, 
raphic 


lad an 
n days 
could 
e 104, 
howed 
ind he 


-ardial 
hadow 


ng and 
larked 
w and 


in the 
ember 
again 


rd but 
lectro- 


nd no 
Ss right 
. The 


sistent 
ut was 
lays in 
lation. 
icylate 
R. was 
1 with 


ft arm 
hours. 
mitted 
e liver 
iction. 
slight 
low T 
or two 
ission. 
failure 
ne had 
rch 22, 
again 





ceases 








ACUTE NON-SPECIFIC PERICARDITIS 655 


showed slight S-T elevation in V7. After discharge he had occasional pain in the chest on deep breathing 
yr stooping. When last seen in August 1959 he was well. The blood pressure was 140/80. The soft 


systolic murmur remained, but otherwise the heart was normal on clinical, radiological, and cardiographic 


xamination (Fig. 2). 

Case 12. Retired Captain, R.N., aged 58. He was admitted to another hospital on February 18, 1959, 
‘ollowing a day of severe pain across the centre of the chest which caught his breath and made him sit up 
n bed. He became very short of breath. His pulse was 96 and the blood pressure was 145/110 but 
wo hours later he was cold and sweating and the blood pressure was 70/?. A levophed drip was 
et up and the blood pressure rose to 110/80 on the following day. Thereafter it remained around 150/90. 
No pericardial friction was heard at any time. The serum transaminase levels were not raised. The 
lectrocardiogram showed slight elevation of the S-T period in I, Il and V2 and V6. The T wave in V6 was 
iat. He was regarded as a case of cardiac infarction and given anti-coagulant treatment for three weeks. 
\fter discharge he felt well for three weeks and then had further pain in the centre of the chest which made 
im sit up. This persisted for five days intermittently and he was admitted on April 22. He was apyrexial 
ad the blood pressure was 110/80. There was noclinical evidence of heart failure. Pericardial friction was 
resent and persisted for two days. The E.S.R. was 82 mm. in 1 hour. Chest films showed a widened heart 
hadow and small bilateral pleural effusions. Eleven days later these had been absorbed and the heart 
hadow was normal (Fig. 3). The electrocardiogram showed slight S—T elevation with later shallow inver- 
ion of T inI, II, and the left precordial leads. He was discharged after 18 days, apparently well, but four 
‘ays later he was re-admitted, having had another attack of retrosternal pain for the past 24 hours. The 
2mperature was 99°2 °F. Pericardial friction was again heard. A chest film showed some widening of the 
ieart shadow and a small amount of fluid at the right lung base. The electrocardiogram showed some 
-T elevation in V1—7 with later lowering of T. Pyrexia in this attack lasted for four days. The Wassermann 
eaction was negative. Three specimens of feeces gave negative cultures for HeLa cells and two specimens 
if serum gave negative monkey kidney tissue culture neutralization tests with the five types of Coxsackie 
virus, sub-group B. He took his own discharge after six days and has reported by letter. Three months 
after discharge he stated that he was very well and had had no further chest pain. 

Case 14 (Fatal). Soldier, aged 19. On July 21, 1959, he was admitted elsewhere with a sore throat. 
The pharynx was injected and the temperature was 101 °F. A throat swab gave a growth of streptococcus 
viridans. Penicillin and aureomycin were given but the temperature did not settle. On July 27 a chest film 
showed a normal heart shadow and normal lung fields. Next day he complained of pain in the chest on 
swallowing and pericardial friction was heard. On this day a monilial stomatitis developed and anti- 
biotics were stopped. Anticoagulant treatment was given for six days from July 30 as it was thought that 
pulmonary embolism might have occurred. Chest films now showed widening of the heart shadow and 
bilateral small pleural effusions. The electrocardiogram showed S-T elevation in most leads. There was a 
leucocytosis up to 22,000 per cu.mm. with polymorphs around 80 per cent. On August 7 he was in great 
respiratory distress with distended jugular veins, enlargement of the liver, and a small ascites. There was 
very loud and widespread pericardial friction. Aspiration of the pericardium was performed and blood- 
stained fluid was found. Only 12 ml. could be withdrawn but the patient’s relief was striking. Next day he 
was transferred to Newcastle General Hospital. It was decided to treat him as a case of tuberculous peri- 
carditis while awaiting the report on the pericardial fluid. He was given streptomycin | g., isoniazid 
600 mg., and prednisone 80 mg. daily. General improvement was marked though the pyrexia did not 
subside completely. The pericardial friction became fainter and 14 days after its onset it could no 
longer be heard. The heart shadow remained very wide and fluid persisted at both lung bases. On August 
15 he complained of sudden severe epigastric pain after a large breakfast. There was much upper ab- 
dominal tenderness and rigidity, especially over the upper right quadrant. Surgical advice was sought. 
Although no gas could be seen under the diaphragm on X-ray it was considered that there had been a 
perforation of a peptic ulcer which had been sealed off, and it was thought wise to taper off the prednisone and 
to institute gastric suction. Slight improvement followed. There was considerable lessening of the pain 
which tended to shift upwards into the chest but the fever increased and the temperature started to swing, 
reaching 103 °F. on August 25. On this day a leucocyte count showed 50,000 per cu.mm. with 88 per cent 
polymorphs. There was some increase in the extent of the dullness at the right lung base and exploration 
yielded turbid fluid with scanty cells. Surgical advice was again sought. It was felt that the combination 
of a high swinging temperature, fresh right pleural effusion, and high leucocyte count following the probable 
perforation of a peptic ulcer were so strongly suggestive of a subdiaphragmatic abscess that exploration was 
justified. The heart stopped during the induction of anesthesia. The pericardium was immediately 
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opened and a large amount of blood-stained fluid escaped. Cardiac massage and defibrillatory shocks failed 
to restore cardiac action. : 

Necropsy. Both pleural cavities contained some fluid which was blood-stained on the right side. There 
were cedematous organizing adhesions over the lower parts of both lungs. The lungs showed mild bron- 
chitis and collapse of the lower lobes. The hilar nodes were enlarged, pale, and fleshy. The pericardium 
still contained some heavily blood-stained fluid. Both layers were covered by a shaggy hemorrhagic fibrin- 
ous exudate with friable adhesions producing a number of small loculi. The heart weighed 445 g. The 
exudate over the epicardium was thickest over the left ventricle where it was up to 0°2 cm. thick. All 
the valves and great vessels appeared normal. The myocardium was pale and soft. The coronary arteries 
appeared normal. In the abdominal cavity there was congestion of the abdominal surface of the diaphragm 
on both sides. There was no local or general peritonitis. The omental and retro-peritoneal lymph nodes 
were enlarged. There were multiple petechial hemorrhages in the stomach but no ulceration there or in the 
duodenum. The liver showed venous congestion. The spleen weighed 570 g. and was soft, pinkish grey 
in colour and with prominent Malpighian bodies. There were no other significant naked-eye findings. 

Histological examination. Heart. Numerous blocks from both ventricles showed an organizing 
fibrinous pericarditis. There was moderate cellular reaction in the base consisting mainly of macrophages, 
plasma cells, and lymphocytes, with small numbers of polymorphs. In several blocks from the left ventricle 
small foci of myocardial fibrosis were seen, usually attended by only a very slight cellular reaction (Fig. 4). 
Serial sections from the blocks of the first part of the anterior descending branch of the left coronary artery 
showed great narrowing with almost complete occlusion by atheromatous change and early thrombus 
formation. These changes extended over a distance of less than 1 mm. but were severe and suggested that 
there had been organization of a thrombus of some duration, probably months. They had not been seen 





Fic. 4.—Pericardial exudate and myocardium 
from Case 14. 
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vhen the artery was examined naked-eye by the usual method of serial transverse section. No other evidence 
»f coronary artery disease was seen in the other blocks. The valves showed no abnormalities and no 
\schoff nodes were seen in any section. Lungs. There was a thick layer of organizing fibrinous pleurisy, 
rather more cellular and vascular than the pericardial exudate. The underlying lung was congested and 
edematous and in the sub-pleural layer the alveoli were filled with macrophages. There was no consolida- 
ion and no vascular changes were seen. The liver was within normal limits. In the spleen there was con- 
restion and oedema of the pulp. All lymph nodes showed much non-specific reactive hyperplasia, and 
dlasma cells were often very prominent. These changes were greatest in the thoracic nodes. The other 
1rgans showed no important changes. There was no evidence in any of the tissues of collagen vascular 
\isease or other form of vasculitis. 

Virus investigations. No virus was recovered from extracts of pericardium, heart, and blood. 

Comment. Death in this case was precipitated by the induction of anesthesia for unnecessary surgical 
itervention. The findings at autopsy suggest that recovery might well have taken place, probably with 
n adherent pericardium. No evidence of rheumatic or tuberculous inflammation was found. The 
oronary occlusion produced no myocardial infarction and cannotreasonably be considered to have caused 
1e intense pericarditis and pleurisy. 

TABLE 
CLINICAL FEATURES OF 14 PATIENTS WITH ACUTE NON-SPECIFIC PERICARDITIS 











“ase! Age Resp. No. of attacks Pain Friction Shock Evidence of effusion 
| infection |_————_———_-__—__| 
| Hist. | Obs. | Total 
1. | 43 — 15 2 17 | Severe RS and Present 0 None, N.H.Sh. 
right arm | 
2 45 — 0 1 1 Severe RS On 1 day 0 None, N.H.Sh. 
on breathing and 
coughing 
3 24 — 1 2 3 | RS on moving and | In 3rd attack 0 Wide H.Sh. 
breathing | only Paracentesis 
4. 25 | Cough 1 1 2 | RS For 10 days 0 | Wide H.Sh. 
s 12 — 2 6 8 | Severe RS. In 1 attack 0 Wide H.Sh. 
on breathing only 
6. 35 | Sore throat. 0 1 1 Severe RS. For 3 days 0 None, N.H.Sh. 
| Consoli- on breathing | 
| dated R. | 
lower lobe | 
a 75 | Bronchitis. 0 1 1 RS Present 0 | Sl., wide H.Sh. 
8. 66 | Opacity R. 0 z 2 | Severe RS. For 3 days 0 None, N.H.Sh. 
lung base on breathing | 
9. | 45 — 0 1 1 RS on breathing Not heard 0 | None, N.H.Sh. 
| and coughing 
10. | 28 — Oo | 1 1 | RSon movement | Not heard 0 None, N.H.Sh. 
| | and breathing 
11. | 46 | Chronic 2 1.2 2 | Severe RS and Not heard 0 SI., wide H.Sh. 
cough left arm on 
| breathing 
12. | 58 — 0 3 3 | Severe RS on | In2nd & 3rd | + in Ist | Wide H.Sh. Small 
breathing attacks attack. pleural effusions 
| | B.P. 70/2 | 
13. 54 — 0 1 1 Severe RS For 1 month | Moderate.) SI., wide H.Sh. 
B.P. 90/55 
14.¢+ | 19 | Sore throat 0 1 1 Central chest on | For 14 days 0 Large Pc. effusion. 
swallowing. Paracentesis. 
Later severe Bilateral pleural 
| abdominal effusions 





RS, Retrosternal. N.H.Sh., Normal heart shadow. Pc., Pericardial. + Diep 


AETIOLOGY 


The cause of acute non-specific pericarditis is unknown in most reported cases. A virus infection 
probably accounts for some. Fletcher and Brennan (1957) describe pericarditis in a young woman 
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whose serum gave a positive neutralization test for Coxsackie virus, sub-group B 4: the patient’s 
mother and father were both ill at the same time with a febrile illness and the mother had pericardial! 
friction. Pericarditis has also been described in Reiter’s syndrome by Csonka and Oates (1957). 

It is hard, however, to accept a virus infection as the explanation of repeated attacks of pericarditis 
for many years and it is probable that ANSP has more than one cause. 

Dressler (1959) has described 44 patients with a relapsing type of benign pericarditis after cardiac 
infarction, which closely resembles ANSP except for the evidence of cardiac infarction. He postu- 
lates a sensitization by necrotic muscle tissue and supports this view by the beneficial effect 
of steroid therapy. That some such mechanism may follow direct injury to the heart from gunshot 
wounds has been shown by Wood (1957) who described five cases of recurrent pericarditis with 
effusion following the lodging of a metallic foreign body in or near the heart: the attacks developed 
during convalescence and were benign. The benign pericarditis that may occur at an interva) 
after operations on the heart seems probably to have the same etiology. 

No etiological agent could be found in our patients but virus studies were only made in the last 
three. In Cases 12 and 13, the serum gave negative monkey kidney tissue culture neutralization tests 
with the five types of Coxsackie virus sub-group B and the feces produced no cytopathogenic agent 
on HeLa and monkey kidney cell culture. In Case 14, HeLa, amnion, and monkey kidney cell 
culture yielded no cytopathogenic agent from myocardium and pericardium removed at autopsy. 
It may be significant that two patients (Cases 7 and 8) lived in adjacent streets and became ill within a 
month of each other but there was no known contact between them. Evidence of respiratory 
infection was present in 8 patients of whom 2 had sore throats, 3 complained of cough, and 3 had 
radiological evidence of pneumonic consolidation. 


DISCUSSION 


Acute non-specific pericarditis is probably due to more than one cause. That it can be a virus 
infection seems to be established (Fletcher and Brennan, 1957) but its occurrence after wounds of the 
heart, operations on the heart, and cardiac infarction suggests that an auto-immune reaction may 
be responsible under these circumstances. It is probably commoner than the number of cases re- 
ported in Britain would suggest. A number of cases are probably wrongly diagnosed as cardiac 
infarction and in these the giving of anti-coagulant treatment may be dangerous (McCord and 
Taguchi, 1951). 

Although the illness is usually benign it can run a long course withfrequent relapses, and occasion- 
ally pericardial tamponade can produce severe distress or death (Case 3 of Pomerance et a/., 1952, and 
Case 14 of this series). Constrictive pericarditis following ANSP has been recorded as a late com- 
plication (Krook, 1954) and may account for some of the non-tuberculous constrictions found at 
operation. 

The diagnosis of ANSP is usually not difficult if careful attention is given to the electrocardio- 
gram. Abdominal pain may be a misleading symptom and it is suggested that routine electrocardio- 
graphy of all doubtful abdominal emergencies might be valuable. 

Treatment until recently has been mainly expectant but there seem to be good reasons for giving 
steroid therapy to severe cases (Dressler, 1959). 


SUMMARY 


Fourteen patients with acute non-specific pericarditis are presented. All were men and their 
ages ranged from 19 to 75 years. 

Pericardial friction was not heard in three patients. 

Six patients had more than one attack and one had 17 attacks in 16 years. 

Shock was present in two patients. Severe abdominal pain simulating perforation of a peptic 
ulcer occurred in one patient and led to his death during the induction of anesthesia for 
laparotomy. 

No etiological agent was found in any of the cases. 
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My thanks are due to Professor G. A. Smart and to Dr. C. N. Armstrong, C. B. Henderson, G. O. Richardson, and 
































or the virological studies, and to Dr. T. Bird for the report of the autopsy on Case 14. 
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Since the first mention of spontaneous rupture of the heart in the writings of William Harvey, 
the topic has retained the interest of both physicians and pathologists, because of its supposed 
rarity and perhaps also because of its striking features when seen at autopsy. Though Krumbhaar 
and Crowell (1925) described it as “‘the event of a lifetime” in the experience of those engaged in 
the study of morbid anatomy, the condition is common, only appearing rare, because the subjects 
in whom it is found are just those least likely to have an autopsy performed on them in a teaching 
or other large hospital. It is one of a number of diseases that are most frequently seen in a 
public mortuary, because no adequate certification of the cause of death in the sufferers is available. 

Very few papers on this topic have been published in Great Britain. In this century, apart 
from the small, partially documented series of Goodall and Weir (1927) and Beresford and Earl 
(1930), they consist of case reports only. Since it is proposed to review the significant papers on 
the subject in a separate communication, it will only be referred to here as it becomes relevant 
to the various sections. In the present paper fresh data are presented on the incidence of spon- 
taneous rupture of the heart in a North London public mortuary and the autopsy findings in 50 
cases are discussed. , 

Incidence. The autopsy records of University College Hospital and the register of the Coroner 
for the Northern District of London were consulted and information abstracted. The former 
provided detailed autopsy findings on a relatively small number of cases relevant to this study, 
while the latter provided succinct causes of death after the manner of death certification. In both, 
those cases were selected where it appeared from the report or entry that death was attributable 
solely to coronary atheroma or one of its consequences: coronary thrombosis, myocardial infarction 
or fibrosis and so on, including rupture. 

The data from University College Hospital are shown in Table I. Included in the 16 cases of 
rupture are 4 in which it was interventricular: hence a hemopericardium was only noticed in 
12 cases coming to autopsy in 25 years. I excluded the four cases of rupture of the interventricular 
septum, in order to afford some comparison with the findings derived from the coroner’s register, 


TABLE I 


ANALYSIS OF 385 CASES OF FATAL ARTERIOSCLEROTIC HEART DISEASE FROM THE 
AuTOPSY RECORDS OF UNIVERSITY COLLEGE HospITAL, 1931-1956 
(5-5°% of all autopsies) 





Sex incidence a is ee wh a 285 men 100 women 
Sex incidence of infarction in ea < 85 men 43 women 
Total number of ruptured hearts ss i 16 
Ruptured heart, as a percentage of all cases of 

fatal arteriosclerotic heart disease .. _ 12°5% 
Excluding interventricular septal ruptures... 10-6% 
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\here rupture of the septum is not specifically mentioned. Similarly, except in the case of hemo- 
ericardium associated with rupture, which pathologist and coroner are likely to record as such, 
he less striking sequele of coronary atheroma are only arbitrarily recorded. ‘“‘Coronary throm- 

‘.osis”” would include cases of myocardial infarction and ‘“‘coronary occlusion” might include 
iyocardial fibrosis, but this could not be determined from the register. The figure of 12-5 per 
nt for the incidence of rupture of the heart in a hospital mortuary series of fresh myocardial 
ifarcts, or 10-6 per cent if the interventricular septal group is excluded, corresponds well with the 
ndings of comparable series that Maher et al. (1956) have summarized. 

A summary of some data from the Northern District Coroner’s Register is given in Table II, 
om which it can be seen that the number of times that rupture of the heart was seen in men and 


TABLE II 
ANALYSIS OF 61,090 ENTRIES IN THE REGISTER OF THE CORONER FOR THE NORTHERN DISTRICT OF LONDON 





umber of deaths attributed solely to arteriosclerotic heart disease ~ 9142 
x incidence of si ss » ne oa wa fe mo 6274 men 2868 women 
xpressed as a percentage of the total number of deaths .. a ay 1s, 
umber of ruptures of the heart oi - ss ae a - 563 
y sex se ae wi _ sti ~ es oe - Be 286 men 277 women 
xpressed as a percentage of deaths due to arteriosclerotic heart disease . . 6% 





\.omen was almost the same. Yet arteriosclerotic heart disease is generally thought to be more 
prevalent in men than in women. Thus in the University College Hospital series of autopsies the 
ratio of men to women dying of this cause was 2:9:1 and in the Public Mortuary series 2:2:1. 
From the Registrar General’s figures it is apparent that this ratio varies with age. 

Fig. 1 shows the age distribution of cases of ruptured heart. This and the succeeding graphs 
are derived from information in the Coroner’s Register. 
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Fic. 1.—The distribution of 563 ruptured hearts according to age. 
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From this data it appears that rupture of the heart is seen in equal numbers in the sexes, because 
it occurs mainly in old age, at which period there is not only a relatively large female population, 
but also a natural rise in the death rate from arteriosclerotic heart disease in women, the two factors 
acting together to produce a 1:1 ratio. Fig. 2 is another way of looking at this finding. It shows 
that rupture of the heart is found more often in women dying of arteriosclerotic heart disease than 
in men. 
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YEAR 
Fic. 2.—The annual variation in the percentage of 


cases of arteriosclerotic heart disease in which ™ 
rupture occurs. 


This figure also shows an interesting annual fluctuation in the relative incidence of rupture. 
In the early thirties it was apparently seen about once in every eight cases of arteriosclerotic heart 
disease and then dropped to about | in 20. Since there is no certain knowledge of the populations 
in which these deaths occurred, one can only speculate on what this drop in the incidence of rup- 
tured heart could mean. It could merely be the result of dilution of an elderly (mortuary) popula- 
tion by more youthful coronary subjects, but the 15 per cent incidence of rupture of the heart in a 
series of fatal cases of arteriosclerotic heart disease is so high (from the world reports it averages 
5 per cent) that it would point to a change in the behaviour of myocardial infarcts during this period. 
A more likely explanation is that it reflects changing pathological opinion. In the early thirties, 
coronary atheroma as a cause of death often passed unrecognized, whereas hemopericardium 
could not possibly be missed. Levine, writing in 1929, remarked that this common condition still 
largely passed undiagnosed. 

Whether the extent of coronary atheroma present at autopsy is judged sufficient to account for 
sudden death may be a matter of opinion and experience, and pathologists may differ among them- 
selves. A ruptured heart is unequivocal evidence. I believe that rupture of the heart with hemo- 
pericardium could serve as a check on the accuracy of the post-mortem diagnosis of fatal coronary 
atheroma, since its apparent incidence would tend to fall where fatal coronary atheroma was 
overdiagnosed and rise where there was a failure to recognize it. Certainly it is a criterion valid in 
Britain, which has a large elderly population, but it is unlikely to be of value in countries where 
life only infrequently extends to 60 and beyond. 
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Influence of the Seasons. In Fig. 3 and 4 the seasonal trends of deaths from arteriosclerotic 
i eart disease and rupture of the heart are shown, and they illustrate the well-known inverse relation- 
- ip between mortality and environmental temperature. 


10 - 














60 + 
900 
50 4 
800 4 a 4 
7 40 
z 
n 30 4 
2 700 4 
Zz 
20 4 
600 + 10 4 
t T tT t TT tT Tt tT T T 7 
——_ “st & s © 5 8 8 8 SO 
July Aug Sept Oct Nov Dec Jan Feb Mar Apr May June 2 4 5 i] A = . s & s 
< 
Fic. 3.—The monthly numbers of arteriosclerotic Fic. 4,—The accumulated monthly totals of rup- 
heart deaths in the period 1931-1955, from tured hearts in the period 1931-1955. 
the register of H.M. Coroner for the Northern 
District. 


On the role of environmental temperature in the causation of coronary occlusion and infarction 
there are broadly three ideas. Cold is a well-known stimulus to peripheral vasoconstriction and 
may lead to reflex coronary vasoconstriction, and hence to ischemia. Cold stimulates metabolism 
and by increasing the work of the heart, unmasks a circulatory inadequacy that was latent. 
Thirdly, that the work of the heart is increased as a result of acute or chronic respiratory tract 
disease, which has its peak period in the winter month (see Ministry of Health Reports on 
Public Health and Medical Subjects, number 95: Mortality and Morbidity during the London Fog 
of December 1952). This last factor could be of particular importance in the case of older persons, 
but it is difficult to assess it post mortem. 

Clinical Aspects. The histories that relatives give of the events preceding death and the purely 
medical histories available from the doctor show no significant differences from many cases of myo- 
cardial infarction in which no rupture is found. It is exceptional for the patient to be undergoing 
physical strain in the period associated with the acute symptoms leading to death. This is a fact 
of some medico-legal importance because cardiac rupture is mainly found in old people, so that, 
when it occurs in young people, some precipitating factor should be looked for, possibly effort 
required in the course of their employment (Hallerman, 1938). It was uncommon (only four of 
my cases) for there to be a previous history of heart disease—a significant point, as will be seen when 
the purely morbid anatomical aspects are discussed. 

The Naked-eye Appearance of Left Ventricular Rupture. With rupture of the ventricle a tense, 
bluish hemopericardium is found post mortem, consisting of from a half to one pint of fresh clot. 
De la Chapelle (1925) found the amount to vary from 200 to 600 ml. with an average of 318 ml., 
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and Munck (1946) found the average to be 380 ml. in men and 271 ml. in women. The heart 
particularly when it is small, may appear to be compressed by the blood. The relative constancy 
of the size of a hemopericardium represents the amount necessary to produce death by cardiac 
tamponade, and accords with similar data obtained from animals (Fineberg, 1936). 

In none of my cases of hemopericardium was an adhesion found attaching visceral to parieta 
pericardium. Adhesions have been recorded only in hemopericardium following rupture o! 
cardiac aneurysm. The clot usually falls away from the heart to leave a smooth epicardium but 
occasionally there is evidence of pericarditis, the clot having to be stripped to expose the left 
ventricle. Some degree of pericarditis was seen in 6 out of 42 cases that I examined. 











“arn 
Fic. 5.—Rupture of the heart: small exit tear. Fic. 6.—Rupture of the heart: gross epicardial 
infiltration with blood and_ pericoronary 
hematoma. 


The appearance of the tear varies considerably. It may be a barely discernible slit, a few mm. 


long (Fig. 5), but usually there is some gaping of the epicardium and a variable extravasation of 


blood into the surrounding epicardial fat (Fig. 6 and 7). Frequently there is extension of the 
pericardial hematoma along the course of the coronary vessels towards the base of the heart (Fig. 8). 


I measured 25 linear tears and found that the length varied from 3 to 38 mm. with an average of 


14mm. Sometimes two or more tears are seen, but one is the rule. The situation of the tear is 
related to the area of the infarcted myocardium. I have seen ruptures of left ventricular infarcts 
only. Certain features of a ruptured heart are best demonstrated on the fresh, unfixed specimen. 
These include (1) the thrombus adherent to the endocardial surface, (2) the lacerated area under- 
lying the thrombus, which is considerably larger than the tear in the epicardial surface, and (3) the 
softness of the necrotic muscle through which a finger can be pushed with ease. 

The hearts were examined externally, the size and position of the external tear noted, and some 
attempt made to measure the distance of the middle of this tear from the apex of the heart, but 
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Fic. 7.—Rupture of the heart: moderate Fic. 8.—The epicardial infiltration seen in transverse section. 
epicardial infiltration with blood. 











s.nce this was often ill-defined, only a rough measurement was possible. The coronary arteries 
were examined by transverse scalpel cuts (the method suggested by Marie (1896), p. 37 in his thesis) 
and the heart was then fixed whole in formal-saline. 

It was found that transverse sections through the whole heart provided the best method of study- 
ing a tear, and this was the method adopted in most cases, although it was modified when required. 
Drawings, photographs, and histological preparations were made from these slices. 

The Coronary Circulation. All the ruptured hearts examined showed severe atheromatous 
disease of the coronary arteries, usually with an accompanying fresh occlusion in a large branch. 
It is now accepted that the site of an infarct does not necessarily bear any constant and immediately 
obvious relationship to the location of the occlusion or occlusions in the coronary arteries (Blumgart 
et al., 1940). It is clear from Table VI that infarcts that later rupture occur in the same sites and 
with similar frequency to those that do not. 

Using the injection method, Wessler er al. (1952) found old occlusions of the coronary arteries 
in one-third of ruptured hearts and in three-quarters of non-ruptured controls. Furthermore, 
fewer intercoronary anastomoses were found in the ruptured hearts compared with controls. This 
finding is difficult to interpret, especially as argument is still proceeding on the functional signifi- 
cance of anastomoses demonstrated by injection methods. Blumgart et a/. (1940) found normal 
hearts to have anastomoses of up to 40 u of little functional significance. Obstruction of coronary 
arteries resulted regularly in the development of inter-coronary anastomoses of 40 to 200 ». This 
development was not related to age, for example it was not present in senile patients without 
coronary arteriosclerosis. 

It appears, therefore, that hearts with the lesser development of arteriosclerosis, and hence with 
fewer developed collaterals, are most prone to rupture when infarction occurs. This correlates 
well with the finding that hearts with evidence of scarring, a consequence of coronary arteriosclerosis, 
are less liable to rupture than hearts in which scarring is absent (see below). 

The Weight of the Heart in Cardiac Rupture. The average weight of the hearts in 18 men was 
400 g. and in 24 women 365 g., and the distribution is shown in Table III. 

The figures for the weights of a comparable series of arteriosclerotic hearts were obtained from 
the University College Hospital series, which has been broken down into those cases showing fresh 
infarction and therefore a group having the special risk of rupture, and those showing a normal or 


scarred myocardium only (Table IV). 
2w 
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TABLE III 


THE WEIGHT OF THE HEART IN 42 CASES OF 
SPONTANEOUS RUPTURE 











Weight in grams Number of cases 
201-250 2 
251-300 4 
301-350 10 
351-400 14 
401-450 4 
451-500 6 
501-550 1 
551-600 — 
601-650 1 

TABLE IV 


THE COMPARATIVE WEIGHTS OF ARTERIOSCLEROTIC HEARTS, 
WITH AND WITHOUT INFARCTION 





Average weight of heart in grams 





Sex —_—__— . 
Without infarct With infarct 
Men ag bas be 455 503 
Women ai eb ae 418 420 





We know from the clinical histories of the patients with ruptured heart that it is exceptional 
for them to have suffered from previous cardiac symptoms, and the average weight of the hearts 
indicates that there is no significant degree of left ventricular hypertrophy present. Nevertheless 
it is clear that cases of arteriosclerotic heart disease in hospital have much heavier hearts, particu- 
larly men with fresh or recent infarcts. The hospital series, of course, includes cases of chronic 
heart failure and those with severe hypertension, conditions well known to be associated with 
increase of the heart weight. 

These findings are of interest in relation to the parallel work of Edmondson and Hoxie (1942) 
who studied the relationship of hypertension to cardiac rupture and came to the following con- 
clusions. First, patients with persistent hypertension after infarction are three times more likely to 
develop rupture than those with normal or subnormal blood pressure. Secondly, hearts of nor- 
mal weight in patients whose hypertension persists after infarction are most likely to rupture 
Thirdly, hypertrophied hearts in patients with normal or low blood pressure after infarction are 
least likely to rupture. 

On the other hand Lunseth and Ruwaldt (1956), in a study of the pathogenesis of cardiac ruptur: 
due to myocardial infarction, found no elevation of the blood pressure in their cases, in agreemen' 
with the earlier findings of Bean (1940). These contradictory opinions may perhaps be resolvec 
along the following lines. There is a rise in the systolic blood pressure with age, long accepted by 
physicians and life assurance assessors as being a normal event. Furthermore, the rise in systolic 
pressure with age is not associated with increase of heart weight—the reverse is often seen, as fo 
example in the brown atrophy of the myocardium. From my data and from the opinions of th: 
authorities quoted, it seems reasonable to suggest that rupture of a myocardial infarct occurs prin 
cipally in old age because of two factors the simultaneous presence of which favours rupture, i.e 
hypertension and the absence of left ventricular hypertrophy. Surprisingly Wessler et al. (1952 
found no difference in age grouping between their series of patients with ruptured hearts and a contro 
series with myocardial infarction in which rupture was not found at autopsy. 
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The Time at which Rupture Occurs. It is now believed that rupture is usually a very early com- 
; lication of myocardial infarction (Mallory et al., 1939; Lodge-Patch, 1951), and by no means 
‘ rare before the fifth day’’ (Lewis, 1946). 

My own findings are summarized in Table V, which records the stage reached without prejudice 
‘> the question of the precise age of the infarct. Young granulation tissue probably represents 


TABLE V 
THE STAGE OF THE INFARCT IN 53 RUPTURED HEARTS 








The presence of Number of hearts 
Necrosis and cedema .. 7 
With the addition of polymorph infiltration. . 26 
And fibroblast proliferation .. Bee 8 





Young granulation tissue 





Immature scar tissue 


6 
More mature granulation tissue = z 
: 2 
Mature scar tissue 1 





iifarcts of approximately one week old. No special histological features of infarction were found 
to be associated with rupture of the heart. 

Myocardial Scarring and its Relation to Cardiac Rupture. In the clinical histories obtainable 
in my cases of rupture there was no evidence of long-standing heart disease, and 16 of 44 ruptured 
hearts examined, a little over a third, showed scarring to the naked eye. This was usually in 
the form of a small focus a few mm. in diameter; occasionally three or four such foci were found. 
In two cases there was extensive scarring, such as one encounters after occlusion of a major coronary 
artery, with subsequent total or almost total replacement of the full thickness of the ventricular wall 
by fibrous tissue. One was a scar 3 cm. in diameter, the other a small saccular aneurysm 2 cm. in 
diameter. 

Of the 14 deaths from a large left ventricular aneurysm recorded in the Public Mortuary series, 
4had ruptured. The rarity of this event is a reflection of the rarity of large cardiac aneurysm, for 
those predisposed to develop it have had a large infarct that, if it does not prove immediately 
fatal, will lead to death from heart failure soon after in the vast majority of cases. 

Extensive scarring of the heart does not so much protect it from rupture as predispose it to 
acute heart failure in a subsequent ischemic attack. 

To sum up, gross myocardial scarring without aneurysm formation is never, and aneurysm 
formation is rarely, associated with myocardial rupture. A minor degree of fibrosis is found in a 
third of ruptured hearts. 

The Topography of Myocardial Ruptures. Infarcts that have ruptured are transmural in the 
majority of cases. The small lateral wall infarct that has ruptured has no outstanding features 
(Fig. 9). All that one can observe is a zigzag line through a small area of myocardium, which 
may or may not show naked-eye evidence of infarction. 

With infarcts above 2 cm. in diameter, the rupture usually occurs through or near one edge of 
the infarcted area. It was uncommon for an infarct of the lateral wall of the left ventricle to 
rupture in any other way. As a result of oblique tracking through the muscle, the external opening 
of a tear might be one and a half times the thickness of the ventricular wall away from the internal 
opening. 

With antero-septal infarcts rupture was found to have commenced most frequently where the 
left ventricular wall becomes continuous with interventricular septum (Fig. 10). The size of the 
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Fic. 9.—Rupture through a small myocardial infarct. Fic. 10.—Rupture of an antero-septal infarct where the 
ventricle joins the septum. 


infarct was greater than 2 cm. in diameter. Most frequently the rupture appeared in the plane 
of the anterior projection of the left surface of the interventricular septum. In those cases in which 
the endocardial tear was succeeded by an oblique track through the musculature, its direction was 
away from the septum—that is away from the right ventricle. A similar finding was true for 
postero-septal infarcts. 

Some antero- and postero-septal infarcts ruptured either into the right ventricle or behaved 
as large lateral wall infarcts, the rupture occurring through or near one margin of the infarct later- 
ally (Fig. 11). The frequency of the cases from which the above conclusions were drawn is given 
in Table VI. 





Fic. 11.—Rupture of an infarct of the anterior 
wall, but with some septal involvement, 
through the lateral edge of the infarct. 
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TABLE VI 
THE TYPE OF CARDIAC RUPTURE IN 54 MYOCARDIAL INFARCTS 











Type of rupture | Number of cases 
Antero-septal infarction .. .. | Interventricular 2 
Antero-septal infarction .. .. | Through “‘ventriculo-septal” angle | 19 
Antero-septal infarction .. .. | Lateral marginal bf 
Postero-septal infarction .. .. | Through “ventriculo-septal” angle 3 
Postero-septal infarction .. . | Lateral marginal 1 
Lateral wall of the left ventricle: | 
Small or narrow infarct .. | Simple tear 5 
Large infarct .. - ne Marginal 14 
| Middle 1 
Apical infarct 4 ey .. | Not classified | 
Aneurysm, small saccular .. | Bursting 





Thinning of the left ventricular wall due to infarction was present in less than a third of the 
vases and was often associated with the presence of fresh laminated thrombus in the shallow endo- 
cardial depression. The thrombus was not yet organizing, nor was its ventricular surface smooth, 
is is the case in established left ventricular aneurysms. Involvement of the Thebesian veins was 
10t conspicuous. I am in agreement with Lunseth and Ruwaldt (1956), who made a systematic 
search for Thebesian vein thrombosis and concluded that it played no significant role in the patho- 
zenesis of cardiac rupture. 

The Factors Affecting Cardiac Rupture. Where a small infarct is present, contraction of the 
myocardium may pull it apart. This must be an uncommon event, because small myocardial scars 
following the healing of comparable lesions are common and may even be present in ruptured 
hearts. In larger infarcts the same disruptive force is operating, but when rupture occurs the 
appearance suggests that the living muscle has been pulled away from the dead, at least where the 
endocardial origin of the tear is concerned. Where the strata of the myocardium exert a directing 
force, blood may burrow from the endocardial side of the rupture between the muscle fibres to 
appear externally about the middle of the infarct. In the case of antero-septal and postero-septal 
infarcts, which rupture along the plane of the left surface of the interventricular septum, it appears 
as if the tearing process began on the endocardial aspect of a separation of the left ventricle and 
septum. It may be that this angle, when it is formed by non-contractile tissue, is subject to move- 
ments and strains, and becomes a special elective site for rupture to occur, and that infarcts else- 
where in the wall are spared. 

Tears of the interventricular septum resemble tears of the left ventricular wall in two respects. 
The tearing process originates on the left ventricular aspect of the septum and, secondly, the appear- 
ance of the tear from the right ventricular aspect is like that of the epicardium in a left ventricular 
rupture. Latham, in 1845, describing the only case of ruptured heart he ever looked after in life, 
one of interventricular rupture with a large tear in the left side of the septum, remarked: “On the 
right side it just opened at a point. In truth while we are examining the right side the rupture 
passed undiscovered.” They are rare despite the fact that septal infarction is common. This 
may be because of support afforded the septum by right ventricular pressure. More important is 
the blood supply of the septum, which is such that full thickness infarcts are rare. As a result 
surviving contractile muscle on the right ventricular side (the deep sinospiral) holds the septum 
together. 

Lowe’s views on rupture are as follows. If the entire thickness of the ventricular wall is de- 
stroyed by infarction then, within some seven to ten days rupture of the wall is likely to occur. 
At this time owing to autolysis, the infarcted area has lost all tensile strength and has not yet been 
replaced by maturing fibrous tissue. Rupture may follow infarcts that do not involve the whole 
thickness of the wall. Analysis of the tensile stresses developed in the remaining normal muscle 
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(Lowe and Love, 1948) over an infarct shows that, if the thin layer of superficial muscle alone |; 
left intact, then it may be expected to tear during systole. Further, he noted (Lowe, 1947) that, f 
an extensive infarct involves the endocardial musculature, tearing along the margin of junctio 1 
between the infarct and normal tissue may occur, and blood track from the ventricular cavity alor : 
the tear. This blood may then dissect along the muscle planes and finally reach the epicardiu:1 
at the line of junction of the two halves of the superficial muscle sheet. In this case rupture tak: s 
place without any tearing of the fibres of the superficial muscle sheet. 

Extending his previous studies, Lowe (1941) discussed the consequences of muscle infarction i1 
different parts of the left ventricle. At the apex of the ventricle the whole wall is formed by tw» 
superficial muscles, so that destruction of one will lead to great weakening of the wall, where: s 
destruction of the same muscle bundles at the base will not have such consequences. In the upp: r 
two-thirds of the left ventricle the destruction of several of the muscle layers is necessary befoie 
rupture can occur. 

Whilst agreeing with the bulk of Lowe’s opinions, I have not found that dissection in the muscle 
planes plays a prominent part. The short zigzag perhaps a little obliquely through the myocardium 
is almost the rule inarupture. Certainly, I have never observed a long intermuscular hemorrhagic 
track. This is not to say that the layers of dead muscle exert no directing effect, for some slight 
deviation of the track from a plane perpendicular to the endocardium is common. On theoretical 
grounds too, whether the myocardium is laminated or not, a consideration of the physical principles 
involved shows that the stress is greatest at the tip of an endocardial fissure and is parallel to the 
endocardium. Hence a fissure will tend to propagate at right angles to the endocardium, that is 
along the line of greatest stress. 


I wish to thank Dr. F. E. Camps of the London Hospital Medical College, Sir W. Bentley Purchase, Mr. W. H 
Heddy, and Mr. S. O. Matthew, Her Majesty’s Coroners, and Dr. N. F. C. Gowing, Director of the Morbid Anatomy 
Department of the Royal Marsden Hospital. Miss June Akister drew the graphs and Mr. Michael Docherty photo- 
graphed the specimens. 
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The British Sola Khumbu Expedition of 1959, led by Mr. J. H. Emlyn Jones, had as its objective 
2 ascent of Ama’ Dablam, an unclimbed Himalayan peak 22,400 ft. high, lying some ten miles south 
Mount Everest. Secondary objectives of the expedition were to investigate the changes in the 
art as shown by the electrocardiogram produced by climbing at high altitude, which is the subject 
this paper, and an enquiry into the nature of the heart disease to be found among the little known 
ierpa population who live at an elevation of about 12,000 ft. 

Ama Dablam is a pinnacle of rock and ice of startling appearance (Fig. 2 and 4) which, to use 
r John Hunt’s words, “appears utterly inaccessible, outrivalling the most sensational aspects of the 
latterhorn”’ (Hunt, 1953). It lies in north-eastern Nepal, and is approached from Katmandu to 
ithin a few miles of its base by the route followed by post-war expeditions to Mount Everest 


(ig. 1). 
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Fic. 1.—The route followed by the Expedition from Katmandu to the base of Ama Dablam. This map is published by 
permission of the Royal Geographical Society. 


* Medical Officer to the Expedition 
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Fic. 2.—Ama Dablam, 22,400 feet, viewed from the north. The route lay along the sharp ridge, sloping upwards from 
the bottom left-hand corner towards the summit. 
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Fic. 3.—Tamang porters crossing the Dudh Kosi river. 
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The party that assembled in Katmandu consisted of six Europeans, five men and one woman, a 
‘jaison officer nominated by the Nepalese Government, and seven Sherpas headed by the renowned 
awa Tensing of Kangchenjunga fame. Seventy-two Tamang porters were enrolled in Katmandu 
o carry the expedition’s equipment which weighed about two tons, for there are no roads in Nepal 
reyond the outskirts of the capital. The journey from Katmandu to Namche Bazaar took sixteen 
lays. The way lay eastwards across a succession of ridges, separated by deep valleys running north 
nd south until the gorge of the Dudh Kosi river was reached. There the route turned due north 
ito the heart of the Himalayas and to the home of the Sherpas. The track is accessible only on foot 
nd there is neither wheeled nor animal transport except in the higher reaches where the yak is used 
sa beast of burden. Many of the bridges are temporary structures, liable to be washed away when- 
‘ver there is a storm (Fig. 3). 

On reaching Khumjung the largest of the Sherpa villages, situated at 12,000 ft.* two hours 
veyond Namche Bazaar, the lowland porters were paid off and local Sherpas engaged for the carry 
9 base-camp at the foot of the mountain three days further on. By the time the base-camp was 
eached at 16,400 ft., the ups and downs of the way had entailed a total ascent of 48,000 ft. and 
lescent of 36,000 ft., which helped to make the party physically fit for the rigours to come. Many 





3 The 





ee A rg 5 
Fic. 4.—Ama Dablam. Looking up the Imja valley Fic. 5.—A rock ledge at over 19,000 feet where Camp 


on the way to the Base Camp. II was perched, showing the Transrite electrocardio- 
graph outside a tent. 





* For the convenience of those who think in metres, each 1000 feet is nearly 305 metres, thus 12,000 feet is 3,658 m., 
17,650 feet is 5,380 m., 19,150 feet is 5,838 m., and 22,400 feet is 6,827 m. 
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inhabitants of Khumjung and the neighbouring villages were examined for the presence of heart 
disease, and blood samples were collected from about 130 people. At the Bhuddist monastery at 
nearby Thyangboche, the head lama and the head lama of the Rongbuk monastery in Tibet, who 
was staying there, were both examined and their cardiograms were recorded. 

The attempt to climb Ama Dablam was made by way of its north ridge to which access was 
obtained by a subsidiary spur running north-east (Fig. 2); at the foot of this lay the base camp. The 


rock faces on either side of the ridge were toc 
precipitous to be climbed and were constantly 
swept by falls of rock andice. Three main camps 
were established on the ridge at increasing heights. 
to which successive ascents were made carrying 
equipment and provisions in preparation for the 
attempt on the summit (Emlyn Jones, 1960). 
Unhappily the assault on the summit made by 
M. K. Harris and G. J. Fraser ended in a disas- 
ter in which they lost their lives. It is not known 
whether they reached the summit, which was 
clouded over, and were lost on the way down, or 
whether they fell before they reached the top: the 
early arrival of the monsoon, bringing heavy falls 
of snow, obliterated every trace. 

The climbing in many places was technically 
both difficult and strenuous (Fig. 6). It was im- 
possible to carry loads up the steeper sections and 
they had to be hauled up by ropes, and in one 
place, up an aerial ropeway. Throughout the 
length of the ridge, difficulty was experienced in 
finding level sites large enough to accommodate 
one or two tents. The first camp was established 
at 17,650 ft., and the second camp, the highest 
point to which the electrocardiograph was taken, 
at 19,150 ft. (Fig. 5). From this camp we could 
see the summit of Mount Everest, behind the 
Lhotse-Nuptse ridge (Fig. 7 and 8). The bad 
weather that followed the accident forced a retreat 
from the ridge, and the electrocardiograph had to 
be abandoned in a tent at Camp II. 

The machine was of the battery-operated 
transisterized type (Transrite) and was loaned by 
the Cambridge Instrument Company. It behaved 

; ; faultlessly apart from a falling off in the amplifi- 

. oe a ae cation when the batteries became overcooled. 
hauled. An aerial ropeway was erected up the Electrocardiogramswererecorded of the European 
steeper section above the top of the rope ladder. members of the party before leaving England, 
and again after their return three months later. 

Tracings were made of the Nepalese liaison officer and of certain of the Sherpas before leaving 
Katmandu, which lies at an altitude of 4,350 ft. Thereafter, the tracings were repeated at increasing 
heights as the opportunity offered. Fifty tracings were obtained, including nine at 19,150 ft. They 
were recorded in the lying position, at least half an hour having elapsed since any strenuous exertion. 

We have divided the climbers into two groups, which we have called for convenience the 
European group and the Sherpa group. The former consisted of six Europeans normally resident 
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Fic. 7.—The summit of Everest behind the Lhotse-Nuptse ridge, taken from Camp II. 
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Fic. 8.—The light of the setting sun on Everest, with its plume, and on Nuptse to the left. 
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at sea-level and one Nepalese of Indian descent living at 4,350 ft. The latter comprised the five 
Sherpas whose home was at 12,000 ft. 


Pu 
RESULTS 1 I 
Resting Heart-Rate. Table I shows the resting heart rate at the various altitudes where tracing | em 
were recorded. The expected increase in rate with increasing altitude was usually present. Ther | 
was little difference between the two groups in this respect, acclimatization of the Europeans bein; 
apparently adequate during the six weeks of climb. tie 


TABLE I 
THE RESTING HEART RATE AT INCREASING ALTITUDES 














, t 
Pulse rate a minute 
: | Baro- | : 
— | metric 
| pressure C 
feet | conn. Hie Europeans Sherpas 
. 2 3 a 3s © F : 2 aioe 3 
Sea-level 760 eo 65 eo 80 O — —|] — — — — — 
4,000 655 —- —- — — — — 55) — — 65 — — 
7,000 585 —- — — — — 35 —| 6 70 — HO — 
11,700 488 75 70 75 70 6 70 5S0| — — — — 65 
16,400 405 95 95 95 105 — 75 751100 70 90 75 70 
17,900 380 715 10 —-_ — — — —jJ] 80 83 — — — 
19,150 367 105 100 1055 — 85 — —j]100 80 100 — — 
Sea-level 760 60 75 — 5 70— — —_- -—- —_-— — 





The heart rate was taken from the electrocardiograms. 





Fic. 9.—The electrocardiograms of Subject 1, European aged 44, 
showing right axis shift and inversion of T in right chest leads 
and in V4 with increasing altitude. The third tracing was taken 
shortly after arrival at 19,150 ft. and the fourth a day later. The 

height in feet is marked on the left. 
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P Wave. No significant changes were seen in the amplitude of the P wave. In one of the 


l uropean group and in one of the Sherpas there was some rightward shift of the AP vector, so that 


became inverted in aVL. In one other case in the European group, this shift amounted to 35°, 


end P became inverted in lead I. 


P-R, QRS, and Q-T Intervals. No noteworthy alterations occurred in these. 
QRS Complex. It was here that the greatest changes were seen. When allowance is made for 


i.e lower amplification at high altitude (the standardization of the tracings taken at 19,150 ft., was 


yout two-thirds of normal) it becomes evident that the overall voltage of the QRS complex was 
‘eater than at sea-level, the increase being greater in the precordial leads than in the limb leads. 
More striking, however, was the appearance of right axis shift (Fig. 9-13). With increasing 
titude S in lead I became more prominent and sometimes even dominant (Fig. 16 and 17), the change 
>curring in both European and Sherpa groups. Tracings were obtained at 19,150 ft. in seven sub- 
cts, four Europeans and three Sherpas. Right axis deviation had developed in six of these, three 
each group, all of whom had a relatively vertical axis initially. Table II expresses the values for 


TABLE II 
THE DIRECTION OF THE MEAN QRS VECTOR AT VARIOUS ALTITUDES 





Direction of the mean QRS vector in the frontal plane, 
0° being horizontal and 90° vertical 











Altitude aa 
in feet Europeans Sherpas 
1 Z 3 4 5 6 7 2 a 1 5 

Sea-level 75 75 70 30 20 — — — — — = 
J —- | — —_ — — — 90° — 60 — — 
7,000 — — — — | — 90 — 75 — 65° — 
11,700 80 80 90 30 30 95 90° — — — 60° 
16,400 80 80 105 30 95 90° 80 75 65° 85° 
17,900 85 95 — — _— — — 95 — — — 
19,150 105 105 120 — 40 — — 105 9 — — 
Sea-level | 75 80 — 40 30° — — — — — = 





di ettitiil 


iit 





Fic. 10.—Subject 2, European aged 43, showing right axis shift. T normal in chest leads. One week 
earlier at 17,900 ft. T was inverted in V1 and blunted in V2 which, by mistake, is shown 
under V1, with a duplicate of V4 under V2. 
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the direction of the mean QRS vector in the frontal plane at various altitudes. 
in the horizontal and sagittal planes were small and inconsistent. 

S-T Segment. Depression of the S-T segment at high altitude was seen in two European ff 
subjects, these being in fact the oldest of the climbers, aged 44 and 53 years (Fig. 9 and 14). The | 
changes were apparent in leads II, III, aVF, and the left precordial leads. They were not seen in 
any of the Sherpas. | 

T Wave. Changes in the T wave were of two kinds. First, inversion of T in the right chest leads | 


Directional changes 





7 


Fic. 11.—Subject 3, European aged 27, showing right axis shift, lowering of T in V1, and 
blunting of T elsewhere. 





Fic. 12.—Subject 1, Sherpa aged 28, normally resident at 12,000 ft., showing right axis shift and inversion of T in 


V4R at 19,150 ft. The height in feet is marked on the left. 
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Fic. 13.—Subject 3, Sherpa aged 33, showing right axis shift and inversion of T in V4R and flattening of T in V1. 


ppeared or, if already present, deepened at high altitude in four of the seven members of the 
uropean group (Fig. 9, 11, and 16), and in four of the five Sherpas (Fig. 12, 13, and 17); in the 


emaining four subjects, none of whom were 
ested above 16,400 ft., the T wave did not 
ilter significantly. Thus a lowering of the 
[ wave in V1 was observed in all seven 
subjects whose cardiograms were recorded 
at 19,150 ft., and in one of the remaining 
five who were tested up to 16,400 ft. In 
three subjects, however, (two European and 
one Sherpa) the inversion of T in the right 
chest leads was greater at 16,400 ft. in the 
early stages of acclimatization than it was 
later at 19,150 ft. (Fig. 9), and in Subject 2 
(European group) T in V1 was upright shortly 
after arrival at 19,150 ft. (Fig. 10) but had 
become inverted next day after spending the 
night at that altitude (Fig. 16). 

Secondly, lowering of ‘the T wave in left 
precordial leads occurred at some period, 
though not consistently, in all seven members 
of the European group, but not to any signifi- 
cant degree in any of the Sherpas. In one 
subject T became frankly inverted in lead V4 
and remained thus for at least 40 hours. It 
is not known how long this inversion per- 
sisted since the loss of the electrocardiograph 


1,700" 





Fic. 14.—Lead V4 in Subject 1, aged 44, on the left, and 
Subject 4, aged 53, on the right, both European, 
showing S-T and T changes at high altitude. The 
height in feet is marked on each record. 


prevented the recording of further tracings, but the T wave was fully upright four weeks later after 


returning to sea-level. There was in this case coincident S-T depression (Fig. 9 and 14). 


time were there symptoms of cardiac ischemia. 


At no 
In none of the four European subjects in whom a 


tracing was recorded after returning to sea-level, including Subject 1 whose tracing is reproduced in 


Fig. 9, were there any residual changes. 
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BEFORE CLIMBI 


AT 16400’ AFTER CLIMBING 


Fic. 15.—Subject 7, European group. Tracings taken at 16,400 ft. showing increased right axis 
deviation, taller R’ in V1, and blunted T waves after a strenuous day’s climbing to 18,500 ft. 




















Fic. 16.—Composite picture of the seven members of the European group (1-7, below), showing leads I and 


V1 at different heights. The superimposed numbers represent the altitude in thousands of feet. SL, at sea-level. 
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Fic. 17.—Composite picture of the five members of the Sherpa group (numbers 1-5, below), showing 
leads land V1. Right axis deviation and inversion of T in V1 are seen in both European and Sherpa 
groups. The superimposed numbers (4, 7, 12, etc.) represent the altitude in thousands of feet. 


DISCUSSION 


The interpretation of these changes turns on two questions. The first is whether the right axis 
shift is the consequence solely of cardiac rotation or of increased right ventricular load. The second 
question is whether or not the T-wave changes over the left ventricle are the outcome of cardiac 
ischemia. 

QRS Changes. Ashman (1946) stated that when clockwise rotation of a vertical heart takes place 
about its longitudinal axis, such modifications of the QRS complex as we have described may occur. 
This leaves unanswered the question of why such a rotation should take place at high altitude, if in 
fact it does. Certainly hyperventilation is a feature of life under these conditions, the subject 
breathes more deeply, and the mean position of the diaphragm is probably lower than at sea-level. 
The normal lead III at high altitude resembled lead IIIR (lead III on full inspiration) at sea-level 
and the X-rays taken at the end of the expedition appear to show a lower diaphragm than at its 
beginning (Fig. 19). We doubt, however, if this is the whole explanation. The fullest possible 
inspiration at sea-level failed in Subject 1 to move the QRS axis rightwards far enough to produce 
right axis deviation (Fig. 18). In this context, Grant (1960) emphasises that when right axis devia- 
tion is the result of right ventricular hypertrophy in acquired emphysema, it is rarely of a degree 
greater than that seen here. Some of these changes resemble those that have been recorded in pul- 
monary embolism, pneumonia, and pneumothorax. In the latter situation the fact that right axis 
shift may occur whether the pneumothorax is on the right or the left side (Lepeschkin, 1951) makes it 
likely that it is a manifestation of right ventricular overload rather than of cardiac displacement. 

T-wave Changes in Right Chest Leads. The T-wave changes seen in V1 are in keeping with the ex- 
planation that there is an increased load on the right side of the heart, and the frequency of the find- 
ings rules out variation in electrode placement as the cause. Furthermore, deep inspiration at 
sea-level in Subject 1 caused T in V1 to become more upright (Fig. 18) rather than the reverse, and 
therefore the lower position of the heart at high altitude was not responsible for the inversion. On 
the other hand the fact that the T inversion was partially reversed later at the greatest altitude in 
three instances raises the question of whether humoral factors were also involved, and mention of 
these is made later on. 

Thus, it seems likely that the right axis shift is due, in part at least, to the imposition of an 
2x 
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Fic. 18.—Subject 1, European, at sea level. Shows the effect of the deepest possible inspiration for 
comparison with the effect of high altitude (Fig. 9). Inspiration causes a much smaller movement 
of the mean QRS vector than that caused by ascent to high altitude (See text). 


10 MARCH 1959 


Fic. 19.—European, Subject 5. Six-foot teleradiograms on full inspiration at the 
beginning and end of the expedition, showing slight lowering of the diaphragm 
and slight reduction in the apparent size of the heart. 


increased load on the right ventricle, and the factors that could contribute to this will be considered 
briefly. 

Increase of Pulmonary Pressure. Von Euler and Liljestrand (1946) pointed out that hypoxia 
causes an increase in the pulmonary arterial pressure in animals, and Motley et al. (1947) showed this 
to be true in man also. There has since been wide acceptance of this phenomenon, which may give 
rise to misleading results on cardiac catheterization in patients who are hypoxic by reason of sedation 
or of high altitude. Rotta et al. (1956) studied the effects of altitude on the pulmonary arterial 
pressure in healthy persons by means of cardiac catheterization. In seven controls at sea-level, the 
mean pulmonary arterial pressure was 12 mm. Hg and the arterial oxygen saturation 98 per cent; in 
six healthy men normally resident at sea-level but having lived one year at 13,900 ft., the figures were 
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i8 mm. and 84 per cent, and in sevenothers native to this altitude, 24 mm. and 80 per cent; and finally, 
n two men with chronic mountain sickness, the figures were 35 mm. and 71 per cent respectively. 
These workers did not find the cardiac output was raised at rest, in contrast with the findings in 
orevious studies; and, paradoxically, breathing 35 per cent oxygen did not lower the pulmonary 
irterial pressure or the pulmonary vascular resistance. The mechanism by which hypoxia produces 
yulmonary hypertension is by no means clear and will not be discussed here, but it appears to be of 
mportance in the genesis of the raised pulmonary arterial pressure in chronic mountain sickness, cor 
yulmonale, and in some cases of congenital and acquired heart disease. 

Polycythemia (Hurtado, 1932) with its accompanying increase in blood viscosity (Cournand, 
1950) also adds to the burden on the heart at high altitude. The frequent finding of right ventricular 
1ypertrophy at necropsy among mountain dwellers (Rotta, 1955) is evidence of increased load on the 
‘ight side of the heart. Brisket disease, which derives its name from the fact that the brisket, being a 
jependent part, fills with oedema fluid in heart failure, is a form of cor pulmonale in cattle living at 
iltitudes of over 8000 ft. (Pierson and Jensen, 1956): it is apparently the veterinary parallel to 
>hronic mountain sickness. The disease is reversible when the animal is brought to lower altitudes. 
Nn guinea-pigs, exposure to the conditions of a low-pressure chamber leads to right ventricular 
1ypertrophy (Valdivia, 1957). 

In man decompression chambers have been employed for a number of years to study the effects 
»f low pressure and hypoxia on the circulation. Hurtado et a/. (1934) found respiratory difficulty, 
capillary dilatation in skin and mucosa, tachycardia, and arterial anoxemia in three subjects placed 
na decompression chamber at a pressure equivalent to an altitude of 16,000 ft. Guinea-pigs treated 
similarly showed striking capillary dilatation in the lungs with alveolar distension. Houston (1946) 
performed daily physiological studies on four men in a decompression chamber over a period of one 
month towards the end of which a simulated altitude of 29,000 ft, was reached without oxygen and 
50,000 ft. with its aid. Cardiographic studies performed during this time revealed a progressive 
lowering of the T wave with increasing altitude up to 16,000 ft., but reversal of this trend at higher 
levels—findings similar to those seen in some cases in this study. No mention was made of axis 
deviation. 

Exertion. Houston (1947) emphasized the enforced inactivity of his subjects in the restricted 
confines of the decompression chamber, conditions very different from those of climbing with 
considerable loads in the mountains. Hiirliman and Wiggers (1953) thought it was the increase in 
cardiac output rather than the rise in pulmonary vascular resistance that led to the rise of pulmonary 
arterial pressure in the hypoxic state. The pumping of large quantities of blood over a long period 
of time might reasonably be expected to lead to hypertrophy of a ventricle that is unaccustomed to 
deal with this load, particularly if the resistance of the pulmonary vasculature is increased. Earlier 
investigators of the effect of exercise on the pulmonary arterial pressure found that it fell (Riley er al., 
1948) or did not rise appreciably until the flow exceeded three times the resting value (Cournand, 
1950). Later workers however found a slight rise of pulmonary arterial pressure with only 
moderate increases of cardiac output in normal subjects (Donald et a/., 1955). 

Physical effort has been said of itself to produce some measure of right axis shift in the electro- 
cardiogram (Reindell, 1938; Beckner and Winsor, 1954), which other authors (Chailley-Bert and 
Plas, 1956) found to be reversed immediately after the cessation of effort. Pefialoza and Ecchevaria 
(1957) described some rightward shift of the QRS axis in subjects who had lived at 14,000 ft. for a 
year; and Pefialoza et al. (1958) noted cardiographic changes that they ascribed to variations in 
cardiac position and probable overloading of the right ventricle in subjects who were taken by car to 
14,000 ft. The QRS shift was not of the same order as that recorded here, but again the factor of 
effort was absent. It seems, therefore, that physical exertion, through its effect in increasing the 
cardiac output, contributed to the greater degree of right axis shift that we observed compared with 
the degree found in subjects exposed to the effects of altitude alone. 

T Wave Changes in Left Chest Leads. The T wave changes over the left ventricle may have a differ- 
ent explanation, the most likely one being ischemia of the left ventricular muscle at 19,150 ft. It is 
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noteworthy that the lowering of the T wave and the diminution in magnitude of the T vector wer« 
seen uniformly in the European group but not in the Sherpas. If this change were due to ischemiz 
it would suggest that the blood supply to the myocardium is better in those who are native to a 
high altitude, possibly a result of the collateral-stimulating effects of chronic hypoxia and otf 
exercise, or perhaps a racial difference. In Subject 1 (European), where the T wave change in V4 
was greatest, there was associated S-T depression (Fig. 9), yet anginal symptoms were conspicuously 
absent and the subject felt well. 

Electrolyte imbalance occurring under such conditions of stress is an alternative or additional 
explanation of the T wave changes in leads over both right and left ventricles, and could account for 
the apparent inconsistencies in the behaviour of the T waves remarked on earlier. Hypoxia and 
dehydration both cause tissue katabolism and potassium loss; prolonged exertion and emotional 
strain increase the secretion of the supra-renal hormones (Bayliss, 1955; Pugh, 1959) and thereby, it 
would seem, promote potassium depletion: finally, the diet of the mountaineer is restricted, though 
we have not estimated its potassium content, and his intake of fluid is curtailed by the scarcity of 
water. These several factors are likely to influence the T waves in the cardiogram, but we are in no 
position to speak with any authority about them and their elucidation must await further study. 

There is a further possibility. The negative T in V4 appears to lie in an area of T positivity, and 
so fulfils the criterion for isolated T wave negativity described by Grant (1956) in healthy people. 
Whether or not the forceful impinging of the over-active heart against the chest wall over a period of 
days at high altitude could lead to such an aberration of ventricular repolarization we do not know, 
and Grant (1960) says he has never been able to produce this isolated negativity with exercise. 

Much remains to be learned about the cardiovascular response to high altitude. The events 
recorded here represent only one aspect of the picture, and other phenomena that await explanation 
have been observed in the mountains. Hunt (1953) described periodic breathing of intensity suffi- 
cient to interfere with rest during the time of acclimatization. The members of this expedition 
experienced similar discomfort, accompanied during the hyperpneeic phase by a short but un- 
pleasant sensation of suffocation: this was relieved by sitting up. Houston (1959) saw clinical and 
radiological evidence of pulmonary cedema in a previously healthy young man exposed to high 
altitude, cold, and prolonged exertion; and there have been occasional unexpected deaths among 
climbers at heights near 20,000 ft. which, from the descriptions given, convey the picture of fatal 
pulmonary edema. The response of the human body to life at high altitude is a complicated one, 
and we have been able to present only a part, and perhaps only a small part, of the whole story. 


SUMMARY 


The electrocardiograms of twelve mountaineers were recorded at different altitudes up to 
19,150 feet. Right axis deviation and T wave inversion in the right precordial leads were found in 
both European and Sherpa climbers, and S—T segment and T wave changes in the left precordial 
leads in members of the European group. The significance of these changes is discussed. 


We are grateful to Dr. William Evans for his encouragement and assistance in planning this investigation and in 
interpreting the results, and to Professor K. W. Donald for help with the text. 

The work was made possible by generous grants from the Medical Research Council and the Newcastle Regional 
Hospital Board. The electrocardiograph was given by the Cambridge Instrument Company, to whom we are also 
indebted for part of the cost of the colour reproductions. The map of the route is published by the courtesy of the 
Royal Geographical Society and Fig. 2 and 7 with the permission of E. A. Wrangham, Esq. 
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Coexistent congenital obstruction to both the right ventricular and left ventricular outflow 
tracts is rare. Only a few cases have been reported (Beard et al., 1957; Braunwald, 1959; 
Horlick and Merriman, 1957; Neufeld et a/., 1960). Only two of about 800 specimens in the Mayo 
Clinic pathological collection of congenitally defective hearts represent this condition. It is the 
purpose of this communication to report these two cases. 


CASE REPORTS 


Case 1, a boy aged 1 month, was studied clinically and at necropsy. Pregnancy and delivery were 
uneventful. Cyanosis had been present from birth and was accentuated on exertion. Oxygen and digitalis 
were administered because of cardiac failure. Examination on admission toa hospital under care of the 
Mayo Clinic revealed a small, white boy not obviously cyanotic at rest. The peripheral pulses were 
normal. The liver extended 3 cm. below the right costal margin and was not pulsating. The spleen was 
not palpable. The heart was generally enlarged and manifested a right ventricular type~of impulse to 
palpation. A systolic thrill was palpable along the left sternal border. The first heart sound was diminished 
in intensity at the apex and the second sound was inaudible at the pulmonary area. A grade 3 systolic 
stenotic murmur was heard, being loudest at the second left interspace at the sternal border, but being also 
well transmitted to the suprasternal notch, toward the back and over the left precordium. The electro- 
cardiogram showed right ventricular hypertrophy (Fig. 1). Radiological examination showed cardiac 
enlargement with normal or slightly diminished pulmonary vasculature (Fig. 2). The clinical diagnosis was 
pulmonary stenosis with intact ventricular septum, patent foramen ovale, and right-to-left shunt at the 
atrial level. Surgical intervention was planned, but the boy died suddenly after an acute attack of 
severe cyanosis. 

Case 2 was that of a stillborn full-term male infant who was studied at necropsy. 


PATHOLOGY 


The hearts in the two cases were so similar in appearance that they may be described together 
(Fig. 3, 4, and 5). Each showed considerable generalized enlargement and hypertrophy, was 
estimated to weigh about four times the normal, and had an abnormally long shape. 

The great vessels were normally related. The venous connections with the heart were normal. 

The outflow portion of the ventricular septum was unusually thick and protruded into each of 
the outflow tracts, creating subpulmonic and subaortic stenosis. On the right side the crista 
supraventricularis was prominent and contributed to the stenosis, but the septum marginalis 


* This investigation was supported in part by Research Grant No. 4014 from the National Heart Institute, U.S. 
Public Health Service. 
+ Cardiologist, Tel-Hashomer Government Hospital, Israel. 
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COMBINED SUBAORTIC AND PULMONARY STENOSIS 
































Fic. 2.—Roentgenogram, showing generalized cardio- 
megaly. Pulmonary vasculature is normal or only 
slightly diminished. Case 1. 





viG. 1.—Electrocardiogram, showing axis of —170 


degrees. Right ventricular hypertrophy is 
shown by dominant R waves in leads V1 and 
aVR and deep S waves in V6. Case 1. 


branch of the crista on the ventricular septum was more prominent. On the left side the promin- 
ence of the ventricular septum was represented by a uniform convexity protruding into the outflow 
tract, the most prominent crest of which was centred about 1:5 cm. below the aortic valve. The 
endocardium over the thickened portion of the ventricular septum, both in the right and in the 
left ventricle, was slightly thickened. 

The pulmonary trunk and the aorta had normal anatomical relationships and were of normal 
size; the valve of each was equipped with three normal semilunar cusps. 

The foramen ovale of each heart showed valve-competent patency. The atrio-ventricular 
valves were normal. No ventricular septal defect existed. The wall of each ventricle was hyper- 
trophied. In the older infant (Case 1) the left ventricular wall was about 10 mm. thick, while the 
right ventricular wall was from 5 to 8 mm. thick. In the younger patient (Case 2) the left ven- 
tricular wall was 12 mm. thick and the right ventricular wall 13 mm. thick. The ductus arteriosus 
was widely patent in the stillborn patient, but was narrowly patent, measuring 2 mm. in diameter in 
the older patient. The distribution of the coronary arteries was normal. 


DISCUSSION 


With the present developments of cardiac surgery, the combined anomaly reported is potentially 
correctable, and successful surgical correction has been reported in one case (Beard et al., 1957). 

It seems of great importance that a surgical plan for this condition provide fog relief of both 
obstructions at the same operation. After correction of the infundibular pulmonic stenosis the 
pulmonary flow may increase, so that a greater volume of blood is delivered to the left ventricle. 
If obstruction to the outflow from the left ventricle is not relieved, this ventricle may fail, causing 
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Fic. 3. Case 1.—(a) Right ventricle. In the infundibular region of the 


right ventricle the crista supraventricularis (C.S.) and the crista 
septomarginalis (S.M.) are greatly hypertrophied, creating much 
narrowing of the infundibular region of the right ventricle. The right 
ventricular wall is hypertrophied. The downward elongation of the 
ventricular chambers is also apparent. (5) Left ventricle and aortic 
valves. The ventricular septum (V.S.) is greatly hypertrophied in the 
region of the outflow tract of the left ventricle. The prominence pro- 
trudes into the outflow tract and creates subaortic stenosis. There 
is mild fibrous thickening of the endocardium over the stenotic zone. 
The aortic valve is normal. The left ventricular wall is hypertrophied 
in general, but not to the extreme degree displayed by the ventricular 
septum. 
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Fic. 4. Case 2.—_(a) Outflow tract of right ventricle viewed from below. The crista supraventricularis (C.S.) 
and the crista septomarginalis (S.M.) are prominent. The two combined with hypertrophy of the ven- 
tricular wall create infundibular stenosis. (5) Outflow tract of the right ventricle viewed from the front, 
showing prominent protrusion of the ventricular septum into the outflow tract of the right ventricle. 














Fic. 5. Case 2.—Left ventricle. Prominence of the 
ventricular septum (V.S.) in the subaortic region has 
caused narrowing of the outflow tract of the left ven- 
tricle. The ventricle is hypertrophied generally. The 

aortic valve is normal. 
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pulmonary cedema as in the cases of Sissman ef al. (1959) and of Horlick and Merriman (1957). 

As far as we are aware, in each reported instance and in our cases the clinical picture did not 
suggest obstruction to the outflow of both ventricles. In the case reported by Beard et al. the 
clinical evidence pointed only to left ventricular obstruction; obstruction to the right ventricula: 
outflow tract was discovered at the time of cardiac catheterization. In the other cases the clinica: 
picture suggested obstruction only to right ventricular outflow. In one of our cases the electro- 
cardiogram showed signs only of right ventricular hypertrophy. In discussing the case of Sissman 
et al. (1959), Taussig suggested that the deep S waves over the right precordium seen in that case 
were suggestive signs of additional obstruction to left ventricular outflow. Patterns similar to 
those in the case of Sissman et a/. were observed in the case of Neufeld et al. (1960). 

Another clinical aid in diagnosis might be the diminution or absence of the second sound in the 
aortic area, although the presence of a normal second aortic sound does not exclude concomitant 
aortic stenosis. 

It is apparent from the limited material available that identification of combined ventricular 
obstruction by clinical means is difficult. Catheterization of the left side of the heart, left ventricular 
puncture simultaneously with catheterization of the right side of the heart, and cineangiocardio- 
graphy may permit more exact clinical evaluation of this condition, but these studies are not routine 
and are carried out only when clinical evidence suggests lesions in both the right and left ventricular 
outflow tracts. 

The anatomy in the three cases that have been reported was different from those in our 
cases. In the case of Sissman et al. (1959) there was pulmonary valvular and infundibular stenosis. 
The aortic valve was also stenotic, and beneath it a fibrous band ran from the base of the aorta 
to the mitral valve and caused subvalvular stenosis. 

In Horlick and Merriman’s (1957) case the three pulmonary cusps were thickened and fused, 
with narrowing of the orifice. The aortic valve was tricuspid, and the cusps were thickened and 
fused with a much narrowed valve orifice. 

In the case of Beard et al. (1957), as described at the time of operation, a typical infundibular 
chamber measuring 3 cm. in diameter was situated at the outflow tract of the right ventricle. The 
aortic cusps were normal, but about 1 cm. beneath them there was a subvalvular fibrous membrane 
with an eccentrically placed small orifice. 


SUMMARY 


Two cases of combined congenital infundibular pulmonary stenosis and subaortic stenosis are 
reported and discussed. In one case, in which clinical examination was done, the findings of 
pulmonary stenosis obscured those of subaortic stenosis. 
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The association of atrial flutter and complete heart block is very uncommon. Amongst 168 
ises Of atrial flutter described by Willius (1927) only one had complete heart block, and in a 
view of 20,000 electrocardiograms Di Gregorio and Crawford (1939) found the combined dys- 
iythmia only twice. Campbell (1944) in his analysis of 64 cases of heart block does not mention 
ie association, and of the large series of 251 patients with complete heart block discussed by 
enton et al. (1956) four had atrial flutter. 

In a recent review, Korst and Wasserburger (1954) mentioned 72 cases of whom 57 were men: 
ie ages ranged from 14 to 84 years and the great majority occurred in the sixth and later decades. 
Ve have found reports of only 14 cases under fifty, 9 men and 5 women, and of these 10 showed 
vidence of organic heart disease. The four cases forming the subject of this report are men under 
fty years of age, and the third and fourth have no evidence of organic heart disease. 


Case I first came under observation in 1951 at the age of 41 complaining of stabbing pain in the right 
side of the chest, and had been aware of the slow pulse rate for two years. The past and family histories gave 
nothing unusual. The chest X-ray showed a normal heart shadow and the cardiogram revealed atrial sinus 
rhythm, complete heart block, and normal QRS-T complexes. 

In 1957 he was admitted to hospital with severe vertigo, vomiting, and paraesthesiz down the left half 
of the body due to thrombosis of the right posterior inferior cerebellar artery. He also described central 
chest pain on effort, rapidly relieved by rest, and present for the previous five years. The blood pressure 
was 160/90, the pulse rate was 40 a minute, and the heart was clinically normal. 

Cardiography (Fig. 1A) showed that the atrial rate was 340 a minute and the ventricular rate 35 a minute 
with complete dissociation, and there was also right bundle-branch block. This appearance remained 
unaltered in subsequent tracings. 

Case 2 presented in March, 1950, at the age of 44; six months previously he had experienced sudden 
tightness in the chest associated with sub-sternal pain, and from that time he had noticed increasing dyspnoea 
and sub-sternal discomfort on effort. He was found to have a pulse rate of 48 and his cardiogram (Fig. 1B) 
showed an atrial rate of 250 a minute, a ventricular rate of 54 and right bundle-branch block. Serial 
records have shown a similar rhythm with some variation in atrial and ventricular rates, and apart from one 
brief period of atrial sinus rhythm the flutter has now been present for eight years. The QRS-T complexes 
have varied considerably, associated with episodes of prolonged sub-sternal pain and some illustrative 
tracings are shown in Fig. 2. 

Congestive heart failure developed in 1954 and has since recurred several times, paracentesis abdominis 
being required in 1954, 1957, and 1958. Since failure first occurred the predominant symptoms have been 
dyspnoea and lassitude and there has been little pain. Stokes-Adams attacks have been present in recent 
months only. Serial radiographs have shown progressive cardiac enlargement (cardio-thoracic ratio, 
50% in 1950, 57% in 1953, 65% in 1955, and 69% in 1958). 

Case 3, a moulder, aged 32, was seen in 1955 having had transient dizziness on two occasions during the 
previous eighteen months, each attack lasting for a few minutes. There was no significant past or family 
history. The blood pressure was 140/80, he had a regular pulse rate of 40 a minute, the heart was not 
enlarged, the heart sounds were normal, and there was a soft systolic ejection murmur in the third left inter- 
costal space attributed to the bradycardia. 
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Fic. 1.—Single electrocardiograph leads from each case to 
demonstrate the arrhythmia. 


(A) Case 1. (B) Case 2. (C) Case 3. (D) Case 4. 


The chest X-ray was normal. He showed an atrial rate of 280 and a ventricular rate of 36; the QRS-T 
complexes were normal (Fig. 1C). Attempts to restore sinus rhythm with quinidine sulphate, 10 grains, 
two-hourly for three doses, and procaine amide, 3-5 g. in twelve hours, were unsuccessful. No further 
dizziness has occurred since he was given half a grain of ephedrine, q.i.d., but no objective change has been 
produced. 

During five years observation the atrial rate has been constantly 280 a minute and the ventricular rate 
has varied between 36 and 52 beats a minute. He is symptom free and is working. 

Case 4, a tailor’s cutter, aged 49, was noted to have bradycardia when examined before herniorrhaphy. 
He had no symptoms suggesting cardiac disease. Two brothers had died suddenly aged 40 and 41 years, but 
the remainder of the family were healthy. A sister was seen and was normal both clinically and cardio- 
graphically. 

His blood pressure was 140/70 and apart from bradycardia there was no clinical abnormality. Radio- 
logically the heart was normal. He had an atrial rate of 250, a ventricular rate of 42, and normal QRS-T 
complexes (Fig. 1D). This patient also is free from all symptoms and working three years later, the cardio- 
gram being unchanged. 


DISCUSSION 

The combination of atrial flutter with complete heart block may be found in digitalis intoxi- 
cation, in association with organic heart disease, or as an isolated finding. 

The association with digitalis intoxication is not very rare and may be due either to the pro- 
duction of complete heart block in a case of atrial flutter or to the initiation of atrial flutter in pre- 
existing complete heart block. As pointed out by Lown et a/. (1953) potassium depletion accentuates 
any manifestation of digitalis intoxication, and under such circumstances potassium salts may 
abolish the arrhythmia. In the spontaneous forms potassium is ineffective and other drugs 
seldom restore normal rhythm. Atrial sinus rhythm is sometimes produced by digitalis or quinidine 
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Fic. 2.—Serial electrocardiographs from Case 2. 


but the heart block almost invariably persists. None of our cases had received digitalis before the 
arrhythmia was established. 

Korst and Wasserburger found that coronary disease had been diagnosed in 42 of 72 cases, 25 
of these having hypertension also. We have studied the original reports of many of these cases, and 
although many of the cardiograms showed abnormalities of the T wave and often bundle-branch 
block, pathological Q waves were very infrequent and in only two could the evidence of infarction 
be accepted with confidence. The clinical histories in most were quite short with dyspnoea pre- 
dominant and pain relatively inconspicuous, and in a number dyspnoea progressed rapidly to con- 
gestive heart failure. Unfortunately, necropsies were reported very infrequently but of particular 
interest was one described by Di Gregorio and Crawford (1939), a man of 62 who developed sudden 
cardiac pain regarded as infarctive followed by progressive cardiac failure with gross cardiac 
enlargement. At necropsy the heart weighed 800 g., the coronary arteries were patent, and the only 
abnormality was a small amount of fibrosis in relation to the bundle of His: the histology of the 
myocardium was not described. Other necropsy findings were described by Gray and Greenfield 
(1944) who found advanced myofibrosis of the left ventricle in a man of 60, by Thorborg (1943) who 
found mitral and aortic valve disease in a woman of 65, and by Jourdonais and Mosenthal (1937) 
where two of the cases reviewed had lesions of the bundle of His, one having also an unspecified 
septal defect. 

Of our group, Cases | and 2 are regarded as having organic heart disease. Case | almost 
certainly has coronary artery disease; during the six-year interval between his first and second 
presentation he has developed classical anginal symptoms, right bundle-branch block, and atrial 
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flutter in addition to the pre-existing heart block and has also hadacerebral thrombosis. In Case z 
the problem is more difficult and the course of his illness has closely resembled that of the cases 
described by Di Gregorio and Crawford to which reference has already been made, by Miller anc 
Perelman (1946), and by Brandman et al. (1950, Case 5). There has been steadily progressive 
myocardial disease and repeated episodes in which the T waves have changed, often associated with 
chest pain, but no pathological Q waves have appeared. For the last four years, since congestive 
failure first developed there has been little pain. The enlargement has been generalized and there 
is no localized loss of pulsation or evidence of ventricular aneurysm on fluoroscopy. In spite of 
these atypical features coronary artery disease is the probable explanation for his illness but there is 
a possibility that he has a cardiomyopathy. Such a condition could well have been present in some 
of the 14 cases under fifty in whom congestive heart failure was found without adequate explanation 
(De Mourra, 1949; Smith and Smith, 1950; and Rattigan ef a/., 1952). 

We have no reason to suspect intrinsic heart disease in our Cases 3 and 4 except for the family 
history in the latter. They suffer no disability and lead active lives. Prinzmetal et al. (1952) have 
shown that atrial flutter most commonly arises low in the atrium and the dual arrhythmia might be 
explained by a circumscribed abnormality in the region of the A-V node. 

Few patients have been followed up for long periods but Cases 6 and 7 of Hanssen (1949) were 
followed for eleven years and developed only mild symptoms. Parkinson and Bedford (1927, Case 
37) record a man of 33 in whom the flutter was abolished by digitalis: later he developed persistent 
atrial fibrillation but was symptom-free seven years later. 

Case 3 has already been under observation for five years and has shown no deterioration, but it 
is possible that longer observation may reveal evidence of progressive disease. 


SUMMARY 


Four cases presenting the rare combination of atrial flutter with complete heart block are des- 
cribed, all being under 50. In two there is evidence of associated myocardial disease and in two the 
arrhythmia appears to be the only abnormality. 

Reports of only 14 previous cases under the age of 50 have been found and reasons are given for 
suspecting that some cases attributed to coronary disease may be due to primary cardiomyopathies. 

In a small number of cases the arrhythmia appears to be the only abnormality, but the late 
prognosis of these cases is unknown. 


We thank Dr. R. N. Tattersall and Dr. O. H. Maxwell Telling for permission to study and report Cases 1 and 2 
respectively. 
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The object of this work was to try and advance our knowledge of the changes in the pulmonary 
ascular bed that lead to right ventricular hypertrophy in certain cases of cardiac and respiratory 
isease. We had noted in previous work some unexplained examples of right ventricular hyper- 
‘ophy. Some cases of pulmonary heart disease had greatly hypertrophied right ventricles with 
pparently little gross change in the lungs. Other cases in congestive heart failure had gross changes 
1 the lungs and apparently small right ventricles, but in some of these we were able to demon- 
trate relative right ventricular hypertrophy by weight when the ventricles were dissected, the 
eft ventricle being very small, and the right ventricle the heavier of the two (Thomas and James, 
i958). Histological changes in the pulmonary vascular bed have been described by many workers 
(Brenner, 1935; Parker, 1940; McKeown, 1952). Injection studies in conditions such as mitral 
stenosis and congenital heart disease have suggested that the pulmonary arterial bed is reduced 
(Short, 1957; Evans and Short, 1958). Physiological studies have shown that acute anoxia and 
some pharmacological agents can produce a transient restriction in the pulmonary vascular bed 
(Motley et al., 1947; Borst et al., 1957). 

Where does this ‘“‘shut-down”’ take place, what is its character, and how much permanent effect 
does it produce? Lung injection studies in pulmonary angiography of mitral stenosis (Goodwin 
et al., 1952; Davies et al., 1953) and in post-mortem specimens (Short 1957), have shown the bare 
or pruned tree picture indicating that the smaller vessels of the pulmonary arterial bed have been 
narrowed or obliterated. The assessment of these pictures was visual and we have had no actual 
measure of the change: consequently in some cases of lesser degree it has been difficult to decide 
how much change has taken place. We considered this problem and have developed a method of 
injecting lung specimens in such a way as to obtain a measure of the volume of the arterial bed in 
the peripheral parts of these lungs (Thomas et a/., 1959). We chose to study the peripheral portions 
because it is rare to find arteries exceeding 2 mm. in diameter in these parts and we were interested 
in the patency of the arteries of less than 2 mm. diameter. 


METHOD 


The injection mixture used is made up by adding propyliodane aqueous suspension (dionosil 
aqueous) 60 ml. to a solution of 10 g. of agar in 440 ml. water at a temperature of 60°C. Sodium 
acetate 0-5 g. and sodium chloride 4-5 g. are also added as electrolytes. The mixture is kept 
at a temperature of about 55°C. until, immediately before the injection is carried out, radio- 
iodinated human serum albumin (!3!]) is introduced in the proportion of 80 microcuries to 500 ml. 
of injection medium and adequately mixed. Before commencing the injection 10-ml. samples of 
the injection mixture are taken to ascertain the amount of radioactivity per unit volume of the 
material injected. At the moment of injection the temperature of the mixture is between 45° and 
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50° C. Propyliodone aqueous suspension was chosen after a trial of several substances because 
it is particulate and it blocks the vascular bed at vessels of approximately 30 » diameter. We have 
repeatedly confirmed histologically that the propyliodone particles reach the arterioles but do no 
enter the alveolar capillaries. 

A lung that has been carefully removed at autopsy to avoid damage to the pleura is kept a: 
cool as possible in refrigeration until it is warmed for the injection. No lungs have been used 
that have been taken from bodies more than 36 hours after death. Satisfactory injections have 
been obtained in lung specimens kept in the deep freeze for a week and then thawed out over an 
interval of three hours. The results in frozen specimens have been comparable with those carriec 
out immediately in fresh specimens and are in every other way satisfactory. Sometimes it is not 
possible to remove lungs without tears to the pleura, particularly if one wishes to study the results 
of earlier thoracic surgical procedures. In these cases it is better to remove the parietal pleura as 
well and small tears in the pleura can then be sealed with forceps. The preparation of the lung 
immediately before injection involves bringing it to an even temperature of 50°-55° C. in a water 
bath, and milking the vessels towards the hilum to remove obvious clots. The injection medium is 
put in at a pressure of 80 mm. Hg through a funnel tube and cannula that have been immersed 
in water at 55°C. Histological confirmation is obtained that the vessels are fully distended, not 
showing any evidence of crenation, and that material has not passed through the capillary bed into 
the venous side. The injected fluid is allowed to enter the lung for as long as it will. Flow usually 
ceases in less than 3 minutes. It is important to cool the lung as quickly as possible in a cold 
water bath after the injection has stopped. Inflation of the lung to the limit of lung expansion is 
then carried out by running “industrial methylated spirit’’ into the bronchial tree at the lowest 
pressure commensurate with expansion of the lung. This distension with cold spirit also helps 
to cool the inner parts of the lung. During these procedures the pressure of the arterial injection 
is maintained at 80 mm. Hg by a sealing clip on the tube near the pulmonary artery. Radiographs 
are then taken to confirm proper filling of the main branches of the arterial bed and to detect any 
technical faults in the filling process. It has sometimes been apparent from the radiograph that the 
injected fluid has burst the vessels and entered air spaces. In such cases the whole lung or the 
affected part has been discarded. After the radiographs have been taken, a sagital slice 2 cm. thick 
is taken and pieces approximately 40 cubic centimetres in volume are taken from the periphery of 
the slice. Samples are taken from comparable areas in each lung, but occasionally from additional 
areas if there are points of special interest. The volume of each sample is measured by immersing 
it in a 100-ml. graduated cylinder containing methylated spirit. The radio-activity in each piece 
is measured by placing it in the centre of a ring of six large geiger counters. The results are expressed 
in terms of the amount of radioactive medium filling unit volume of the arterial bed. 

In the early part of this work we had some difficulty with leakage of radio-activity from the 
vascular bed into the medium used for distending the air space of the lung. This was particularly 
so when formol saline was used. This difficulty was overcome by keeping the injection medium 
between 45° C. and 50° C. at the time of actual injection and the lung at only a slightly higher 
temperature, and by using “industrial methylated spirit’’ instead of formol saline for distending 
the air passages; finally confirming that the leak was controlled by taking specimens of spirit from 
the air passages after distending the lung and assessing the amount of radioactive leak into them. 
By this method the leakage is so small that it cannot affect the results. 

We have accepted the amount of radio-activity per unit volume of lung as an index of the volume 
of the peripheral small arterial and arteriolar bed in the piece of lung studied. 


RESULTS 


The early cases were rejected until we were quite certain that the technique was producing 
repeatable results. Since then we have been able to study 70 specimens including twelve normal 
human lungs and three normal lungs from sheep. In man normality of the lung is not always 
easy to assess but for this purpose we regarded lungs as normal if they appeared normal macro- 


oO Ss to 














Q 
~ 


=~ ~ oO 





Cause 
> have 
oO no 


>pt as 
used 
have 
er an 
arriec 
is not 
esults 
ira as 
- lung 
watel 
um is 
lersed 
1, not 
1 into 
sually 
cold 
ion is 
owest 
helps 
ction 
raphs 
t any 
at the 
rr the 
thick 
ry of 
‘ional 
rsing 
piece 
essed 


n the 
ilarly 
dium 
igher 
nding 
from 
hem. 


lume 


ucing 
rmal 
ways 
acro- 








Pitan nvr tener nani 





THE SMALL PULMONARY ARTERIES 697 


<copically and there was no pathological reason in the lung for right heart strain and no evidence of 


ght heart strain in life. A typical normal radiograph and small artery are shown in Fig. 2. The 


| mits of normality as measured in our cases are shown in Fig. 1. A normal peripheral arterial 
ed has been found in the lungs of a person over 70 years and such variations as do occur normally 


o not seem to be governed by age. These limits of normality are strongly supported by the studies 

irried out in the lungs of sheep in which the figures tend to lie in the higher levels of the normal 

mits shown. Some of the normal human lungs with figures lying in the lower part of the normal 

inge may well have had slight disorder of lung function of a degree hitherto disregarded as 
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Fic. 1.—Measurement of the volume of selected parts of the peripheral arterial bed expressed in terms of 
unit volume of distended lung. The mean and the 95 per cent range of the normal lungs (12 human 
and 3 sheep lungs) are indicated. Reduced small arterial bed is taken as one in which two areas have 
values below 0:10. The results in mitral stenosis and mitral incompetence (M.S., M.I.), aortic 
stenosis, left ventricular failure (LVF), pulmonary hypertension, and emphysema are shown. 


The intention of this method was to study the reduced peripheral vascular bed in the lung and 
so we have considered as abnormal those lungs in which at least two areas have shown a reduction 
below the figure of 0-10 per unit volume. The reason for this choice will be readily seen from the 
limits of the normal shown in Fig. 1. Within the abnormal group it has been possible to separate 
the conditions that have given rise to this degree of vascular bed reduction. There is first the well 
recognized group of mitral stenosis, with or without some degree of mitral incompetence, but with 
pulmonary hypertension. The cases in this group not only confirm the findings of others but are 
in accord with the radiographs and the microscopy results. They show that this method gives 
adequate separation of the abnormal from the lower limits of the normal. The mean of the peri- 
pheral arterial bed per unit volume of lung for these mitral valve disease cases is shown in Fig. 1. 
The scatter about this mean was very small, the highest reading recorded in any part of the five lungs 
heing 0-06. It is clear therefore that in severe mitral valve disease with pulmonary hypertension 
2¢ 
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Fic. 2.—No. 51. (A) The injection radiograph of a normal lung from a woman of 40 years who died suddenly 
from pontine hemorrhage (readings of 0-14, 0-18, 0-18, 0-20). (B) An enlarged view of part of the small 
arterial bed. (C) A 130 yu vessel shows the normal thickness of the arterial wall relative to the lumen 
diameter (x405). The injection mass in the lumen is well shown. i 


the separation of the readings from the scatter of the normal is quite distinct. Fig. 3 shows the 
accepted appearance of the radiograph of the lung and the typical changes in the small arteries. 

The first surprise in this work came from the results in the four cases of aortic valve disease, 
three cases having aortic stenosis and the fourth aortic stenosis and regurgitation with subacute 
bacterial endocarditis. The figures for these cases indicated a considerable reduction in the peri- 
pheral arterial bed, the mean value being indicated in Fig. 1. The reduction is not quite as great as 
in cases of mitral valve disease but in all four cases parts of the lung have a peripheral arterial bed 
reduced well below the limits of the normal range, one case in particular having an extreme degree 
of reduction in the lower lobe. In general in all four cases the reduction is much greater in the 
lower lobe than elsewhere. Study of the radiographs shows that the pattern is much the same as 
that seen in mitral stenosis with the bare-tree effect. Histological study of the vessels has shown in 
all four cases much hyperplasia of the small arteries in the 50 » to 200 pw range (Fig. 4), similai 
to that described by Smith et al. (1954). In one of them the thickening of the vessels was very 
marked and this is consistent with the finding of low figures for the volume of the small arteria 
bed. There was no evidence at autopsy of mitral valve disease in these cases; cardiac failure wa: 
absent in one and in another death was due to subacute bacterial endocarditis rather than to pro- 
longed cardiac failure. Our findings suggest very strongly that there is a reduction in the smal 
arterial bed of the lung in aortic stenosis even before the advent of congestive cardiac failure anc 
this is supported by the histological findings. It has been noted previously that right ven 
tricular hypertrophy occurs unexpectedly in cases of aortic valve disease (Thompson and White 
1936) and we suggest this evidence of pulmonary hypertension as the explanation. Aortic stenosi: 
with enlargement and hypertrophy of the left ventricle, even at a fairly early stage, can produc« 
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Fic. 3.—No. 27. (A and B) The injection radiograph of a lung from a case with mitral stenosis, present for 
at least 13 years in a woman of 57 years. The small arterial bed was reduced (readings 0-02, 0-05, 0-05, 
0:06). The radiograph shows the characteristic bare-tree pattern. (C) A 130 u vessel illustrates the typical 
arterial changes ( x 405). 


the same form of reduction in the pulmonary vascular bed as mitral stenosis; and if the case 
proceeds to congestive cardiac failure, the degree of reduction and the change in the vessels will 
be of the same order as is seen in mitral stenosis. The number of cases we have studied in this 
group is small but the finding was quite consistent in all of them. 

Cases with pulmonary hypertension and right ventricular hypertrophy show great reduction in 
the peripheral bed. There were three such cases with pulmonary hypertension: a case of patent 
ductus arteriosus with a pulmonary artery pressure of 105/62 mm. Hg; a case with evidence of 
severe pulmonary hypertension of unknown cause associated with moderate emphysema; and a 
case of long-standing pulmonary tuberculosis in one lung, treated by thoracoplasty years earlier. 
In these three cases the reduction of the peripheral arterial bed was great. In the case with a 
patent ductus the changes in the small arteries of the lung were typical of those described by other 
authors (Evans and Short, 1958). The second case of pulmonary hypertension had equally severe 
reduction in the peripheral arterial bed and on histological study changes identical with those seen 
in mitral stenosis, but there was no heart disease except the severe right ventricular hypertrophy 
(Fig. 5). In the lungs the changes would normally have been regarded as those of moderate 
emphysema, and this case will be referred to again in the discussion on emphysema. It is of interest 
in the case with a thoracoplasty on one side, that the lung on the other side has shown a reduction in 
peripheral arterial bed consistent with severe pulmonary hypertension. The radiograph shows the 
same bare-tree appearance and histological study shows evidence of thickening in the small arteries. 
The severity of the reduction of the pulmonary vascular bed in these three cases of pulmonary 
hypertension is well shown by this method, and a clear explanation of the severe right ventricular 
hypertrophy is provided, though initially it was unexplained in the second and third cases. 





JAMES, OWEN, AND THOMAS 





i a 


Fic. 4.—No. 36. (A) The injection radiograph of the lung in a case of aortic stenosis and regurgitation 
(dominant stenosis) in a man 35 years of age who died of subacute bacterial endocarditis (readings 0-03, 
0-05, 0-10, 0-09). (B) The radiograph shows a bare-tree pattern. (C) The 110 arteriole illustrates mural 
thickening which was present in the areas of reduced arterial bed ( x 405). 


- 


The next group, which is different from the others, is that of left ventricular failure occurring in 
cases with systemic hypertension or with coronary heart disease. There are six such cases in which 
there was unequivocal hypertrophy of the left ventricle and evidence before death of left ventricular 
failure. The mean for these cases is indicated in Fig. 1. There is a fair degree of scatter in the 
figures as would be expected because they vary in severity, the figures in the more severe cases for 
the entire lung being 0-07 or below and of the same order as severe mitral stenosis. This finding is 
surprising but, as in the case of aortic valve disease, it explains the presence of right ventricular 
hypertrophy in some of these cases. Reviewing the history it would seem that if the left ventricular 
failure had been present for periods as short as a few weeks, then there was a likelihood that the 
small arterial bed in the lung would be reduced. The histological search for supporting evidence 
has shown in the case with the most severe reduction that there were changes in the 50 u to 100 » 
diameter vessels (Fig. 6). There is no doubt that where left ventricular hypertrophy and dilatation 
has existed for a period of time, a reduction has taken place in the small arterial bed of the lung, and 
even if left ventricular failure has been present for only a few weeks measurable changes can 
be found by this method of studying the peripheral arterial bed. 

The last and perhaps the most intriguing group to be considered is that of emphysema. The 
surprising finding in the study of the 10 cases of emphysema has been that in those regarded 
macroscopically as having slight or moderate emphysema, this method has shown considerable 
reduction in the peripheral arterial bed in affected parts of the lung (Fig. 7 and 8). There are 5 
cases of the 10 in which the emphysema, regarded macroscopically as moderate, seems to be the 
only possible explanation for finding quite severe restriction of the small arterial bed with some 
evidence of pulmonary hypertension. In the cases with slight or moderate emphysema there are 
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Fic. 5.—No. 19. (A) The injection radiograph of the lung from a case of pulmonary hypertension with gross 
right ventricular hypertrophy without established cause in a woman of 55 years. There was moderate 
emphysema present but hardly sufficient to explain the vascular changes (readings 0-04, 0-03, 0-04, 0-04). 
(B) A bare-tree pattern is shown in the enlarged portion. (C) Both arterioles have a maximum diameter of 
140 » (x 130), one being obliterated and the wall of the other thickened. These changes were general 
throughout. 


areas of the lung that give low normal values and other areas, the emphysematous areas, with 
considerable reduction below normal in values. We have considered a possible source of error in 
that emphysematous bulle are liable to collapse and therefore the volume estimation is not accurate. 
In the cases studied the blocks have been taken from areas in which collapse has not taken place on 
cutting. Lungs with large bulla are now being distended with a solution of ionagar to keep the 
true volume of the pieces when cut. Histological search in the areas showing considerable reduc- 
tion of the pulmonary arterial bed has shown that the small vessels have become thickened and 
narrowed, and can eventually be traced to complete occlusion and transformation into fibrous 
cords. In an ordinary search of the lung field the missing vessels would not be recognized and their 
number could not be assessed except by this method. It is also noticeable that only in emphysema 
does the injection medium repeatedly break the vessels and enter the air space. It has been possible 
by this measurement of the small arterial bed to identify areas of moderately emphysematous lung 
in which the reduction of the arterial bed has been considerably more than suspected. This has 
provided a stimulus to further detailed study of the subject. 

A number of other conditions have been studied singly. The only lung with pure asthma 
examined revealed a perfectly normal pulmonary arterial bed, although the asthma had been present 
for thirty years. This agrees with other findings of ours which suggest that pure asthma does not 
alter the arterial bed permanently, but the addition of bronchitis and emphysema will change it. 
A case of repeated small embolization of the lung gave very low values for the peripheral arterial 
bed as would be expected. A case of epilepsy with death from drowning gave very low figures 
for the arterial bed but there was right ventricular hypertrophy so there must have been, pul- 
monary hypertension of some duration as yet unexplained. One lady who lived to the age of 72 
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Fic. 6.—No. 46. (A) The lung from a man of 71 with exertional dyspnceea for four years and terminal left 
ventricular failure after cardiac infarction. The heart weighed 540 g. with severe left ventricular 
hypertrophy. The readings 0-07, 0-07, 0-10, 0-09, indicate considerable reduction in the small arterial bed. 
(B) There is considerable pruning of the vascular pattern. (C) There is obvious gross thickening in the wall 
of many small vessels; the one shown is of 190 » diameter ( x 405). 


years with mitral stenosis proved to have a peripheral arterial bed in the lower limits of the normal 
range, perhaps explaining her long survival. 


DISCUSSION 


Lewis et al. (1953) have shown that cardiovascular conditions affecting primarily the left ven- 
tricle can give rise to an increase in pulmonary capillary pressure on exercise or in more severe cases 
at rest. They have shown that this results in an increase of pulmonary arterial pressure and right 
ventricular work. Smith et al. (1954) have described changes in the muscular arteries and arterioles 
in these conditions. Goodwin (1958) discussing the nature of pulmonary hypertension has em- 
phasized the part played by increase in left atrial and pulmonary venous pressures. 

The present work has given a quantitative record of the reduction of the small arterial bed in 
cases of aortic valve disease, hypertension, and coronary artery disease, in some of which the history 
was simply that of dyspnoea on effort. In the case of subacute bacterial endocarditis there was a 
state of moderate heart failure for a period of three weeks only and in a case of cardiac infarction 
there was a short history of attacks of left ventricular failure. A large reduction of the small 
arterial bed has been demonstrated in these cases even before there has been time for gross histo- 
logical change to take place. This reduction in the vascular bed may be the result of the elevation 
of the post-capillary venous pressure. 

The injection method showed that the small arterial bed was reduced in emphysema. A reduc- 
tion was demonstrable even when the amount of emphysema judged by naked eye was slight. The 
disappearance of alveolar walls and of capillaries is well recognized in emphysema, and thickening 
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Fic. 7.—No. 26. Severely emphysematous lungs in a man of 63 years. (A) The injection radiograph shows 
disappearance of smaller vessels and in several areas there has been leakage into the air spaces. The 
readings of 0-04, 0-17, 0-10, 0-12 show the variability of the reduction. (B) The enlargement shows more 
clearly the features seen in the emphysematous lung. (C) Both vessels shown are about 180 yp in 
maximum diameter. They are ill-supported arterioles with thickening of their walls (160). (See 
also Fig. 8.) 


of small vessels has been described. This method has the advantage of measuring the amount of 
vascular loss as well as the reduction in volume of existing vessels. The manner in which the 
reduction of the small arterial bed takes place differs from that in the left heart conditions. There 
is a narrowing of small arteries with some thickening of their walls in the areas in which capillaries 
are being damaged, thus reducing blood flow to the damaged areas. These small unsupported 
vessels may break in time but often persist as occluded fibrous cords. Our measurements suggest that 
considerable reduction of arterial bed occurs even in moderate emphysema. No evidence of shunts 
over 30 » in size has been found in the absence of bronchiectasis. A suggestion is made that damage 
to the capillary bed acts in the same way as a raised capillary pressure causing “shut-down” in 
the small arterial bed to protect the threatened area. 

It should be possible to confirm the results in left ventricular failure and in emphysema by re- 
producing these conditions experimentally. This is being attempted and will be described separately 
but the work to date supports the finding that “‘shut-down”’ of the small arterial bed can be demon- 
strated only a few hours after the appearance of left ventricular failure. Another source of con- 
firmation of this work is the wedge pulmonary arteriography described by Bell et a/. (1959). 


SUMMARY 


In the study of the pulmonary vascular bed by injection methods, assessment hitherto has been 
visual. A method incorporating a radioactive substance with the radio-opaque medium has enabled 
measurements of the small arterial bed (2 mm. to 30 p vessels) to be made. The measurement is 
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Fic. 8.—The lung section (Gough—Wentworth technique), showing the extent of 
emphysema in the lung shown in Fig. 7. 


expressed in terms of volume of small arteries per unit volume of lung and the mean and the range for 
normal lungs has been identified. Lungs with a reduced vascular bed have been grouped according 
to the causes, such as mitral valve disease, aortic valve disease, pulmonary hypertension, left ven- 
tricular failure, and emphysema. The method has shown much reduction of the small arterial 
bed of the lung in cases of aortic valve disease and of systemic hypertension and cardiac infarction 
with left ventricular hypertrophy. This reduction takes place at a very early stage of left ventricular 
failure or possibly even before this occurs. There is already some experimental support for this 
view. 

An analysis of 10 cases of emphysema is presented and the results indicate that the reduction 
in the small arterial bed is much more than the macroscopic appearance of the emphysema would 
suggest. Smaller vessels have disappeared while many of those remau. ~* have thickened walls 
with narrowing of the lumen. This method measures the total reducing effec. _ “ these changes. 

The findings in the differing groups of cardiac and respiratory disease are in accord with the view 
that elevation of capillary pressure or damage to the capillary bed acts as an immediate stimulus 
to restriction of the associated small arterial bed to protect the capillaries. Such reduction may be 
identified by measurement before it has produced changes that can be confidently observed by 
the microscope. 


We wish to thank the pathologists of the United Cardiff Hospitals, St. David’s and Sully Hospitals for providing 
us with interesting material. Our thanks are also tendered to Dr. Glyn Evans of the Radiotherapy Hospital; Mr. 
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Williams, pharmacist; Mr. Leighton Williams, medical photographer of Llandough Hospital; and Mr. Travers, 
medical photographer to the Institute of Pathology, Welsh National School of Medicine. The animal experimental 
york is being done with the help of the Animal Experimental Laboratory at Sully Hospital. 
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Much of the confusion and misunderstanding regarding the nature of the obstruction to the 
outflow of blood from the right ventricle in patients with pulmonary stenosis is being resolved and 
the complex nature of the problem more fully recognized. Some five types of obstruction can be 
defined. First, there may be obstruction due to an abnormal pulmonary valve—pulmonary 
valvular stenosis. Secondly, there may be obstruction in the infundibular region due to a variety 
of congenital infundibular lesions such as are commonly seen in patients with Fallot’s tetralogy. 
Thirdly, there may be combined infundibular and valvular lesions, again most commonly seen in 
Fallot’s tetralogy. In these three varieties of pulmonary stenosis, pressure gradients at the sites 
of obstruction can be demonstrated during cardiac catheterization. The characteristic pressure pulse 
tracings, pressure artefacts, and possible misinterpretations of the pressure tracings are discussed 
by numerous authors (Sobin et al., 1954; Wood et al., 1954; Emslie-Smith et al., 1956; Kjellberg 
et al., 1959). Fourthly, a rather rare form of obstruction is due to constriction in the pulmonary 
arterial tree—supravalvular pulmonary stenosis (Arvidsson ef al., 1955; Kjellberg et al., 1959). 

Lastly, the most intriguing and controversial aspect of the subject lies in the concept of 
acquired infundibular obstruction in patients with congenital pulmonary valvular stenosis due to mas- 
sive hypertrophy of the right ventricle. This concept has been developed by a number of workers 
who have studied right ventricular dynamics in pulmonary valvular stenosis with intact ventricular 
septum (Kirklin et al., 1953; Swan et al., 1954; Brock, 1955; Blount et al., 1957; McGoon and 
Kirklin, 1958; Engle et al., 1958; Johnson, 1959) but has been rejected by others (Bing et al., 1954; 
Kjellberg et al., 1959). Because of the uncertainty regarding the importance of infundibular 
obstruction due to muscular hypertrophy in pulmonary valvular stenosis, surgeons have been 
divided in opinion regarding the need for infundibular resection along with pulmonary valvotomy. 
Hitherto, their views on the subject have rested on hemodynamic considerations. In severe pul- 
monary valvular stenosis with right ventricular hypertrophy there is usually a systolic pressure 
gradient at the valve site only and though the infundibular lumen may be narrowed, the high 
pressure is uniformly distributed throughout the ventricular cavity. In some cases, however, 
following successful valvotomy an infundibular systolic pressure gradient may become evident and 
in these presumably the narrowing of the infundibular lumen remains the sole obstruction to rapid 
outflow of blood. This pressure gradient can be reduced immediately by infundibular resection, 
but even if this part of the operation is not carried out, cardiac catheterization at a later date may 
show regression of the infundibular pressure gradient, presumably due to involution of the hyper- 
trophied infundibular muscle (Engle et a/., 1958; Johnson, 1959). Kjellberg et al. (1959) state that 
in their experience residual systolic gradients have only followed inadequate pulmonary valvotomies 
and they stress the difficulties in interpreting the pressure pulses and locating the site of stenosis. 
They deny that infundibular hypertrophy can obstruct the outflow of blood from the right ventricle 
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n pulmonary valvular stenosis though they concede that angiocardiography may show consider- 
ible narrowing of the outflow tract in late systole. Moreover, in their patients in whom they 
arried out angiocardiography both before and after pulmonary valvotomy they observed appreci- 
ble widening of the infundibulum 5 to 12. months following pulmonary valvotomy. 

Diagnosis of pulmonary valvular stenosis in this centre as elsewhere rests on the evaluation of 
he clinical, radiological and electrocardiographic features together with the findings at cardiac 
atheterization. As additional tools, intracardiac electrocardiography and selective cine-angio- 
ardiography are employed. Interpretation of the pressure pulses is made with due regard to such 
sossible sources of error as Venturi effects, pressure artefacts due to catheter movements, etc., and 
he intracardiac electrogram, obtained from an electrode at the tip of the catheter, is used as an 
id in locating the site of stenosis on the withdrawal tracings (Emslie-Smith er al., 1956). Fig. 1 
llustrates such pressure pulses and intracardiac electrograms recorded during cardiac catheterization. 


NA 
it \\| 1] Hilal 




























































































































































































With 
i 




















WKY 


: 
ii | 11] 
DANS TNE RS 
Li HAW AAHHE LUE PADESRSERECEE TEES: Hi LL TH 
Fic. 1.—A withdrawal tracing from pulmonary trunk to right ventricle obtained at cardiac catheterization 
in a patient with severe isolated pulmonary valvular stenosis, whose selective cine-angiocardiogram is 
illustrated in Fig. 4. The changes in the intracardiac electrogram and the pressure pulse are both 


abrupt and synchronous, indicating valvular stenosis. The use of intracardiac electrocardiography in 
this way pin-points the site of the valve on the record. 
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Fic. 2.—Mild isolated pulmonary valvular stenosis—right ventricular pressure 46/0 mm. Hg. A 
series of 26 consecutive frames, taken at or exceeding 50 frames per second, from a selective 
cine-angiocardiogram on a four-year-old girl. Six frames (No. 11-16), showing the outflow 
tract in the fully dilated phase, have been removed. The patient is in the left anterior oblique 
position and the contrast medium injected into the apex of the right ventricle. During sys- 
tole there is slight narrowing throughout the whole length of the outflow tract, which becomes 
widely dilated during diastole. Its appearance is almost within normal limits, though in an 
earlier part of the film, during the initial opacification and before the post-stenotic dilatation 

becomes densely outlined, a jet can be clearly seen issuing from the stenosed pulmonary valve. 
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Fic. 3.—Moderate isolated pulmonary valvular stenosis—right ventricular pressure 73/0 mm. Hg. 
A series of 20 consecutive frames, taken at or exceeding 50 frames per second, from a selective 
cine-angiocardiogram on a 9-year-old girl with pulmonary valvular stenosis confirmed at 
operation, and showing a complete cardiac cycle; position of patient and site of injection as in 

Fig. 2. In this instance there is significant narrowing of the outflow tract throughout its whole 

length, and though it is still capable of fairly wide dilatation, the duration of this phase is 

short. In the first few frames the jet ejected through the stenosed valve can be traced in the 
dilated pulmonary trunk, and the turbulence in this region can be seen. 
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Fic. 4.—Severe isolated pulmonary valvular stenosis—right ventricular pressure 110/0 mm. Hg. A 
series of 20 consecutive frames taken at approximately 50 frames per second, from a selective 
cine-angiocardiogram on a 9-year-old boy with pulmonary valvular stenosis, confirmed at opera- 
tion. Sixteen frames represent a complete cardiac cycle and the position of the patient and the 
site of the injection are as in Fig. 2. The outflow tract is grossly narrowed throughout its entire 
length, and though there is a phase of dilatation, No. 15, 16, and 17, it is both brief and incomplete. 
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As the catheter tip is withdrawn from the pulmonary artery into the right ventricle there is an abrupt 
and synchronous alteration in both the pressure pulse and the intracardiac electrogram. This 
change is characteristic of severe stenosis of the pulmonary valve, and in this case the diagnosis 
was supported by selective cine-angiocardiography (Fig. 4) and later confirmed at operation. 

Cine-angiocardiography is carried out using image-intensification and selective injection into 
he right ventricle (Watson et al., 1958); with this technique cine-films can be taken at 50 or more 
ames per second and projected at varying speeds or studied as serial stills, thereby facilitating study 
of the intracardiac circulation. In Fig. 2, 3, and 4, are shown excerpts from such cine-films taken in 
three representative cases of isolated pulmonary valvular stenosis of mild, moderate, and severe 
degree respectively. It will be seen that in general the degree of narrowing of the infundibular 
umen is roughly proportional to the severity of the pulmonary valvular stenosis, as judged by 
the right ventricular systolic pressure, and that the duration of the dilated phase in diastole is 
inversely proportional to the severity of the stenosis. The narrowing of the lumen of the outflow 
tract in the severe case (Fig. 4) is gross in all phases of the cardiac cycle. 

It will be apparent from the figures that this narrowing of the infundibulum is no momentary 
event, and that in severe valvular stenosis it persists for the greater part of the cardiac cvcle. In 
Fig. 4, for example, where a complete heart cycle is depicted in sixteen consecutive frames (No. 
2-18) in three frames only (No. 15, 16, and 17) is the outflow tract partially dilated. In the remain- 
ing 12 pictures it shows narrowing, and in many of them this is of extreme degree. It is dilatation 
that is the momentary event in such cases and in this instance it appears in only three frames. 

The demonstration of a phase of dilatation, however brief, is good evidence against obstruction 
from a fibrous or other unyielding barrier. The infundibular muscle is known to be grossly hyper- 
trophied in such cases and this infundibular hypertrophy associated with incomplete and momentary 
relaxation in diastole has so impressed us that we have come to speak of it as the muscle-bound 
right ventricular outflow tract in severe isolated pulmonary valvular stenosis. The Oxford English 
Dictionary defines muscle-bound as “‘ with muscles stiff and inelastic through over-exercise”’. 


SUMMARY 


Hemodynamic considerations have led to the concept of acquired infundibular muscular 
hypertrophy forming a further obstruction to the outflow of blood from the right ventricle in 
patients with severe isolated valvular pulmonary stenosis. An infundibular pressure gradient 
may become apparent following successful pulmonary valvotomy. This gradient can be reduced 
immediately by infundibular resection or may regress spontaneously over some months. 

It is suggested that selective cine-angiocardiography of the right ventricular outflow tract and 
cardiac catheterization with combined recording of the pressure pulse and intracardiac electro- 
gram provide the most complete analysis of the nature of the obstruction in pulmonary stenosis. 
The cine-angiocardiographic findings lend further support to the concept of infundibular obstruc- 
tion from muscular hypertrophy and show narrowing of the infundibular lumen roughly propor- 
tional to the severity of the valvular pulmonary stenosis. Dilatation of the outflow tract in severe 
cases is brief and incomplete, and its association with the muscular hypertrophy invites the use of 
the term “‘muscle-bound outflow tract”’. 


We would like to record our appreciation of the willing co-operation we have had from our pediatric and surgical 
colleagues and our thanks to Phillips Electrical Ltd. for certain apparatus. 
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Atrio-ventricular block may be either congenital or acquired: of the latter forms, those due to 
nyocarditis and digitalis are the most common (Langendorf and Pick, 1954). However, the different 
haracteristics of this disorder of rhythm in infancy have not been fully described. For instance, it 
3 interesting to note that, in spite of the great frequency with which P-R prolongation can be found 
n children’s routine electrocardiograms (Nadas, 1957), few instances of retrograde heart block 
or even simple retrograde conduction have been reported in children (Langendorf and Pick, 1954; 
Nadas, 1957; Keith et a/., 1958). On the other hand, whenever the proper technique was used for 
ts detection, ventriculo-atrial conduction has been found in many tracings of adult patients (Kistin 
ind Landowne, 1951). 

Furthermore, phenomena affecting the A-V junction, such as the supernormal phase or recip- 
cocal rhythm, which have been known for a long time but have recently been re-emphasized, have 
seldom been described (Katz and Pick, 1956). It is the purpose of this paper to present several 
unusual clinical examples of heart block with certain peculiarities that justify its presentation as a 
separate communication. 


MATERIAL AND METHODS 


Our material consists of three cases, selected from the file of the cardiological department of 
the Children’s Municipal Hospital. All had in common the occurrence of heart block with different 
characteristics, and in addition they presented various interesting phenomena that are fundamental 
in understanding the dynamics of atrio-ventricular conduction. The analysis of this propagation 
was made according to the rules originally set by Sir Thomas Lewis (Lewis and Master, 1925) and 
later expanded by Besoain-Santander et al. (1950), and by Katz and Pick (1956). For the deter- 
mination of the Q-T interval, Bazzet’s (1920) formula was used (Q-Tc=Q-T/VR-R). The results 
obtained were then compared with published tables of normal children, classified according to age 
(Ziegler, 1951). 


COMMENTS 


Some introductory remarks concerning atrio-ventricular (A-V) block, in general, are considered 
necessary before describing the abnormal records. A-V block is defined as an abnormal pro- 
longation of the refractory phase of the A-V junctional tissues (Katz and Pick, 1956). It can affect 
the relative phase only (first degree A-V block, Fig. 1), both the relative and the absolute phase 
(second degree A-V block), or only the absolute phase (complete A-V block). This refers mainly 
to acquired block, for in the congenital form of the complete variety an interruption of the anatomical 
pathways is generally present (Campbell and Thorne, 1956). 


* Studies supported by a grant from the Christian Association for the Welfare of Sick Children. 
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Fic. 1.—Schematic diagrams illustrating the various phases of conductivity of the A-V junction. 

AB represents the absolute refractory period, RE the relative refractory period, SU the supernormal phase, and 
NO the normal period during which conduction takes place at its basic speed for the individual patient. The 
vertical lines of different length represent the hypothetical duration of the P-R interval, the numbers below them 
representing different atrial stimuli arriving at various parts of the heart cycle (1, 2, 3). No atrial complex 
arriving at the A-V junctional tissues during the absolute refractory phase can traverse it, so that those P waves 
have no corresponding QRS complex. Furthermore, (A) illustrates a third cycle without heart block, a term that 
by definition implies an abnormal prolongation of the refractory period whether absolute or relative (Castellanos 
et al., 1958). In this instance, all atrial impulses arriving during the relative phase are conducted with a longer 
P-R interval than those arriving after the end of the latter (1 and 2>3). Moreover, the nearer an impulse to the 
absolute phase, the longer its P-R distance (1>2). On the other hand, (B) represents a cycle with an abnormal 
prolongation of the relative phase (first degree A-V block). Consequently, all atrial impulses arriving during 
that phase are transmitted with a prolonged A-V conduction time. Yet, paradoxically, a supernormal phase 
has now appeared sandwiched between the absolute and relative periods, and is characterized by the fact that 
impulses located nearer to absolute refractoriness are conducted with the shorter P-R interval than those arriving 
later (1<2). This is an inverse relationship to that occurring normally and shown in (A). 


For didactic purposes the various phases of conductivity of the A-V junction, during normal 
conduction and during first degree block, can be seen in Fig. 1 and are fully describéd in the corres- 
ponding legend. Furthermore, in Fig. 1B, that unusual phenomenon so rarely encountered in 
human pathology, the supernormal phase, is presented. It occurs, as stated recently, almost always 
in cases in which conductivity is depressed and is characterized by enhanced impulse transmission 
at a time when it can be expected to be impaired (Langendorf, 1958). 


I, The Supernormal Phase of A-V Conduction 


The tracings observed in Fig. 2 were obtained from a 9-year-old girl with acute rheumatic fever 
after initial digitalization with digoxin (2 mg. in two doses, 8 hours apart). The P waves, occurring 
at a regular rate of 150 a minute, are slightly notched, and are different from the sinus P waves 
(not shown), so that the fundamental rhythm can be considered to be an atrial tachycardia with 
first degree A-V block. In both records, a curious form of alternation in the length of the R-R 
cycle appears: a long R-R alternates with a short one (all values marked on the tracing). More- 
over, a detailed analysis reveals also an alternation of A-V conduction time. 

Table I, which represents the values obtained from the lower tracing of Fig. 2, shows how, 
paradoxically, the shorter R-P intervals are followed by the shorter P-R; and vice versa, the longer 
R-P intervals are followed by the longer P-R. This finding is the opposite of what happens 
normally, for then, the shorter the R-P, the longer the P-R interval (Fig. 1A). However, it can 
be well explained by the existence of a supernormal phase of A-V conduction as postulated and 
explained in the diagram of Fig. 1B. In other words, conduction is enhanced at a time when it 
would be expected to be delayed. 

No records showing this phenomenon in children have been published (Langendorf and Pick, 
1954; Nadas, 1957; Keith et al., 1958), although well-described cases in adult patients have been 
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Fic. 2.—Paroxysmal atrial tachycardia with first degree A-V block due to dig- 
italis poisoning. Alternation of A-V conduction time due to the supernormal 
phase is also present. The shape of the P waves changes because it occurs 
during different parts of the T waves. All numbers indicate the duration of 
the R-R intervals expressed in hundredths of a second. See text. 


TABLE I 
RELATION BETWEEN THE R-P DISTANCE AND THE P—R INTERVAL 





Long R-P_ Long P-R | Short R-P_ Short P-R 





28 28 22 ys 
28 25 24 20 
28 25 24 20 
29 26 24 a2 





Numbers (indicating intervals in hundredths of a second) 
were obtained from the lower records of Fig. 2. 
reported recently (Langendorf, 1958). Yet, this is understandable due to the fact that the arrhythmia 
is rare in adults also. As a rule, the supernormal phase appears chiefly in digitalized patients, with 
coexisting depressed conductivity, almost always when first degree A-V block is the fundamental 
rhythm. 

Whenever the atrial rate is only moderately fast, as in this case, clinical auscultation may be 
misleading due to the irregular ventricular beating. Obviously, the paroxysm can be mistaken for 
a fast sinus arrhythmia, or perhaps erroneously for ventricular tachycardia, because until recently, 
the supraventricular ectopic tachycardias have been considered strictly regular, contrasting with the 
usually irregular ventricular ones (Castellanos et al., 1958). 

Finally, the treatment of the disorder of rhythm should be the same as that of all tachycardias 
due to digitalis poisoning. Prompt withdrawal of the drug, as wellas the administration of potassium, 
is stressed, for continued digitalization can cause increased ryhthmicity of others centres, specifically 
the appearance of a nodal or ventricular tachycardia (Castellanos et al., 1960). 
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II, 2:1 A-V Block due to Hypocalcemia 


Fig. 3 shows the records obtained from a 6-hours-old premature child with cerebral hemorrhage. 
The main characterist’c in the bipolar leads is a low voltage of the ventricular complexes, accom- 
panied by disseminated artefacts due to occasional bursts of muscle tremor. Inspection of leads 
Il, aVL, V1 (Fig. 3), and V4R (Fig. 4) establishes beyond doubt the presence of a sinus rhythm (rate 








Fic. 3.—Partial 2:1 A-V block due to hypocalcemia in a 6-hour-old 
premature infant. The Q-T interval measures 0-65 sec. Sucha 











prolonged duration (which is seldom encountered) explains per- 2 

fectly the genesis of the 2:1 A-V block (see Fig. 5). See text. 
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Fic. 4.—Same patient as in Fig. 3. The chest lead (V4R) was enlarged to show the blocked P wave falling be- 
fore a diphasic (— +) T wave, which, in turn, appears at the end of a prolonged isoelectric S-T interval. 


97 a minute) with 2:1 A-V block, the P-R of the conducted beat measuring 0-14 sec. Note that 
the blocked P waves fall before the end of the T wave. Also in leads V4R, V1, V2, V3, and V4, 
a curious T wave can be seen with an unusual shape, for it is diphasic (— +) with a large, pointed, 
terminal part, and located at the end of a prolonged, isoelectric, S-T interval. Originally, it was 
thought that this bizarre complex was a ventricular extrasystole, but the normal shape of the T in 
leads If and aVL disproves such consideration. As a result, when Bazzet’s formula for the cal- 
culation of the Q-T interval was applied, a value of 0-65 sec. was obtained, which exceeds the 
upper limit set for normal newborn children (Ziegler, 1951). 
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Clinical examination of this patient showed signs of hypocalcemia, which were confirmed by 
the finding of a plasma calcium of 2:7 mEq/l. However, potassium was normal (4-2 mEq/lI.). 
Unfortunately, the child died a few minutes later, before an appropriate correction of hypocalcemia 
could be performed. 

Some of the electrocardiographic findings of this patient could be explained on the basis of low 
calcium and normal potassium. For instance, the prolonged Q-T interval is a main feature of 
hypocalcemia (although such a high value is very infrequent) and is in agreement with the experi- 
mental work of Brooks et al. (1955), who found that the plateau characteristic of the action potential 
was increased, without altering the rate of terminal repolarization, when the calcium concentration 
of the preparation was well below normal. However, in this patient the T wave presents such an 
unusual shape, that another factor (not hypocalcemia) had to account for the disturbed ter- 
minal phase of repolarization. Probably, myocardial damage could be this factor, because serum 
potassium was normal, and this was the other cause that could have produced peaked T waves in 
some leads. 

As a consequence of the prolonged electrical systole, absolute refractoriness of the ventricular, 
as well of the specialized, fibres was greatly increased. Due to this fact, the rhythmically incoming 
atrial impulse would be alternatively blocked. A diagram of this situation is shown in Fig. 5, 





SAV 





Fic. 5.—Diagrams of 2:1 A-V block due to hypocalcemia. 

AB represents the absolute refractory period of the A-V junction; RE, the relative refractory period; NO, the 
normal period of time during which A-V conduction takes place at its basic speed for this patient. In both 
parts the various phases have been related to the electrocardiogram. 

In (A) it can be seen that P2 and P3 arrive at the A-V junction during NO, when conduction can take place 
at the basic speed for this patient. Consequently, the P-R interval is normal. 

In (B) the Q-T interval is prolonged due to hypocalcemia and the T wave, not necessarily altered, can be 
seen towards the end of such a prolonged Q-T interval. Hence, the absolute refractory phase (AB) of the A-V 
intermediate tissues is generally increased. Furthermore, the rhythmically produced P2 arrives at the A-V 
junction at its usual time, but finds these tissues absolutely refractory, so that its conduction towards the ven- 
tricles is “blocked”. Finally, P3 arrives at the A-V junction at a time favourable for normal conduction (after 
the end of the refractory period), so that the P-R interval is normal. 


which accurately reproduces the conditions present in Fig. 3 and 4. Accordingly, there is no doubt 
that the 2:1 A-V block can be ascribed to hypocalcemia, so that another cause of heart block in 
children is postulated in this communication, and can be added to the previously known ones. 
Finally, another fact has to be emphasized. A very high concentration of calcium can prolong the 
P-R interval without affecting or even shortening the Q-T interval (Brooks ef al., 1955). In 
these experiments the prolongation of A-V conduction time was caused specifically by affecting 
conductivity and by an augmented vagal tone, and not by an increased refractoriness of the cardiac 
tissues. 


III. Wandering Pacemaker in the A-V Node, Retrograde Heart Block, Wenckebach Phenomenon of 
Retrograde Conduction, and Reciprocal Beats with Aberration 


The records in Fig. 6 were taken from a non-digitalized girl, aged 5, with a persistent atrio- 
ventricular canal. The first two complexes of the upper row originate in the upper part of the 
A-V node. As the corresponding P-R intervals are prolonged, first degree A-V block has to be 
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Fic. 6.—Wandering pacemaker in the A-V node, retrograde heart block with the Wenckebach phenomenon of 
retrograde conduction, reciprocal rhythm, and aberration of reciprocal beats. See text. 


added. Subsequently, after a long pause of 1-34 sec., the pacemaker shifts to the lower A-V regions, 
but now the R—P measures 0-12 sec. (retrograde heart block). Then the cycle starts anew, for two 
upper nodal beats are seen, preceding a pause of 1-22 sec., which in turn comes before a lower A-V 
beat whose R-P measures 0-26 sec. Again, the first ventricular.complex of the lower row presents 
a P-R interval of 0-18 sec., and it precedes another complex with an R-P of 0-20 sec. This distance 
is increased to 0-39 sec. in the third nodal beat. Such a progressive increase of ventriculo-atrial 
conduction is due to the Wenckebach phenomenon. Furthermore, when retrograde conduction 
takes so much time (0-39 sec.) the conditions are opportune for the nodal impulse to re-enter the 
A-V junction and produce a premature (reciprocal) beat. In fact, this stimulus in its way back to 
the atria finds responsive tissues, being able to change its direction and stimulate again the ventricles 
(fourth, sixth, and eighth QRS complexes). As stated by Katz and Pick (1956), the occurrence of 
such a re-entry is favoured by the slow retrograde spread of the original impulse and takes place in 
the syncytium within the A-V node, and not in the atria. Besides, another finding of interest is 
the abnormal shape of the re-entry complexes. This is due to prematurity of the returning excitation, 
which finds the bundle branches still refractory, so that the intra-ventricular conduction is aberrant. 
Reciprocal rhythm occurs after the third, fifth, and seventh lower nodal beats, and then the tracing 
ends with the pacemaker shifting again to the upper regions of the node. 

It is our impression that this arrhythmia cannot be attributed to the anatomical defect, per se. 
Although it is known that the P-R prolongation is a frequent finding in cases with ostium A-V 
communis, no instance of retrograde block has been reported in this malformation (Toscano 
Barbosa et al., 1956). On the other hand, sinus rhythm was not seen in any of the thirteen records 
taken from this girl during a three-year period—a phenomenon that led us to believe we might 
perhaps be dealing with a case of congenital absence of the sinus node. Contrasting with the 
great frequency of forward heart block, retrograde heart block has seldom been described. It is 
not even mentioned in two recently published text-books dealing with pediatric cardiology (Nadas, 
1957; Keith et al., 1958). It seems that there is only one published report (Sodi-Pallares et al., 1959), 
but this case was discussed on the basis of an A-V nodal rhythm existing in a 9-year-old girl with 
dextrocardia: undoubtedly, their Fig. 9 reveals an infra-nodal rhythm with reciprocal beats. 

Moreover, the occurrence of ventricular tachycardia with retrograde conduction is seldom 
encountered, but it should be remembered that this arrhythmia is very infrequent at an early age. 
Many paroxysms of rapid heart action with widened QRS complexes are of supraventricular and 
not of ventricular origin (Castellanos et al., 1958). 
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If we add to this, that esophageal leads are sometimes necessary to diagnose correctly retrograde 
conduction (on account of the poor visualization of the negative P wave in the conventional leads 
(Kistin and Landowne, 1951)), then the possibilities of finding V-A conduction are very small. In 
spite of this assumption, one case in which a disorder of rhythm of this kind could be seen in the 
standard leads has been presented (Langendorf and Pick, 1954). 

Lastly, the rarity of passive A-V nodal rhythms with V-A response can be attributed to the in- 
frequency of suchslowrhythms. Asarule, digitalis or any form of myocarditis hardly ever decreases 
the rate of the A-V node in children—an anatomical structure that has a great tendency to enhance 
rhythmicity. Evidence of this is the relatively high rate of the nodal pacemaker in congenital 
complete A-V block, when it is compared with that of adults (Campbell and Thorne, 1956). 


SUMMARY 


Various selected electrocardiograms have been presented to illustrate heart block with unusual 
characteristics in children. Initially, the physiology of the A-V junction is described, with special 
reference to the various phases of A-V conduction. 

Subsequently, the following arrhythmias are presented: (a) the supernormal phase, (b) 2:1 A-V 
block due to hypocalcemia, and (c) retrograde heart block, the Wenckebach phenomenon of retro- 
grade conduction, and reciprocal beats with aberration. Explanations of their electrocardio- 
graphic significance are discussed, as well as possible causes for the infrequency with which these 
disorders of rhythm occur in children. 
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Graham Steell (1888) first described a variable and at times indistinct diastolic murmur over 
and slightly below the pulmonary area: this he attributed to “pulmonary regurgitation . . . occurring 
independently of disease or deformity of the valves, and as the result of long-continued excess of 
blood pressure in the pulmonary artery.” He later (1895) reported 60 cases of mitral stenosis and 
considered that only one had the murmur of “high pressure” in the pulmonary artery. Kezdi et al. 
(1955) reviewed 95 cases of mitral stenosis and found only one that they considered had the func- 
tional murmur of pulmonary regurgitation. This incidence of pulmonary regurgitation is low and 
reflects the strict criteria that were applied in order to arrive at a certain diagnosis. 

In this department consideration of the diagnosis of pulmonary regurgitation seemed to arise 
more frequently, and there was often disagreement among observers about patients with early 
basal diastolic murmurs. This arose partly because some of these murmurs were soft and transient 
and partly because there was often little supporting evidence to distinguish pulmonary from aortic 
regurgitation. The question particularly came up in patients with rheumatic heart disease. For 
these reasons an attempt was made to demonstrate pulmonary regurgitation by a dye method in 
9 patients undergoing cardiac catheterization. - 


MATERIAL AND METHOD 


The nine patients investigated fell into three groups: Group A, three patients who were cathe- 
terized for routine purposes and were not thought to have a Graham Steell murmur; Group B, four 
patients in whom the presence of a Graham Steell murmur was debatable; and Group C, two patients 
in whom a Graham Steell murmur was clinically agreed to be present. The diagnosis of a Graham 
Steell murmur was made clinically on the basis of a blowing early diastolic murmur heard in the 
left 2nd and 3rd intercostal space in the absence of peripheral signs of aortic regurgitation and in 
the presence of a strong systolic pulsation over the area of the right ventricle, a palpable pulmonary 
artery impulse, an accentuated second sound in the pulmonary area, X-ray signs of pulmonary 
artery enlargement, and electrocardiographic evidence of right ventricular hypertrophy. 

At right heart catheterization a number 8 catheter was placed 1-2 cm. distal to the pulmonary 
valve, and a number 9 catheter with multiple perforations at the end (Goodale-Lubin tip) was 
placed in the right ventricle just below the pulmonary valve. In the first three studies (patients 
B4, BS, and B6), 2 ml. of Evans blue (T-1824) were injected into the pulmonary artery in less than 
1 second, and at the same instant fractional collection of blood from the right ventricle was begun 
with a Cornwall double valved syringe at a rate of 2 ml. per second. This had the disadvantage 
that, with a single bolus of dye rapidly injected into the pulmonary artery, streaming from the tip 
of the catheter was great and regurgitant dye that appeared transiently might be missed with 
the interrupted method of sampling. Therefore, in the remaining six patients the dye injection 
consisted of a mixture of 2 ml. of 1 per cent Evans blue and 8 ml. of saline which was infused into 

* This work was done during the tenure of a Research Fellowship of the American Heart Association. 
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PULMONARY REGURGITATION 


ampling from the right ventricle continued for at least ten seconds. 
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In both methods 


The samples were analysed 




















or dye content on a Unicam spectrophotometer (SP-600). Cardiac outputs were determined by 
lirect Fick and dye methods, and oxygen content of blood by the Haldane method. 


RESULTS 


The results are summarized in the table. In two patients in Group A a slight amount of dye 
vas Obtained from the catheter in the right ventricle when dye was injected into the pulmonary 
irtery. In Al it appeared during the second to sixth seconds after the single bolus injection of dye, 
ind in A2 it appeared only during the sixth and seventh seconds after the beginning of a ten-second 
lye infusion. In one patient (C8) in Group C there was pronounced regurgitation of dye through 
he pulmonary valve lasting as long as did the infusion. No dye was demonstrated in the samples 
rom the remaining patients. 


TABLE 
RESULTS IN SUSPECTED OR PROVEN PULMONARY REGURGITATION 





Pressures in mm. Hg | Pulmonary Diagnosis of pulmonary 
































Clinical ——_$——_ |_——— Cardiac arteriolar | regurgitation 
-atient | impression | | | output | resistance | 
RA | RV | PA | PC | (1./min.) | = | Clinically ~~ 
| | | i 
Al |MS,AR, | 16/5 | 42/7 | 42/26 | 24/18 | 3-9(dye), | 195 | None ? 
| AS | | | | 4-1 (Fick) 
A2 |MS,AS, | 5* | 28/6 | 28/13 | 27* | 49(dye) | 161 | None i 9 
MR | | | | 
A3 | MS 5* | 32/3 | 33/17| 23* | 4-4(Fick) | 182 | None | None 
| | | | | 4-1 (dye) | | 
B4 | MS, MR 15/10 | 32/9 | 38/23 | 15/10 | 29(Fick) | 632 | 2 | None 
BS |MS,MR | 15/7 | 34/6 | 42/27 | 16/10 —- | — | 2 | None 
| | 
B6 | MS | 11/6 | 39/3 | 40/16 | 26/13 | 4-7 (dye) 259 ? None 
B7 | MS,MR, | 169 | 48/7 | 4927; — | — | — 2 | None 
| AS, ?7AR | | | 
C8 | Reversed | — | 117/8 | 117/72 | 5* |67(dye) | 979 | Definite | Definite 
ASD | | | | | | | 
C9 | Reversed | 6* | 102/9 | 102/72 | — | 3-7 (Fick) | we | Definite | None 
| PDA | | 





* Mean pressure 


PDA=patent ductus arteriosus. 
RA=right atrium. 
RV=right ventricle. 
AR=aortic regurgitation. PA=pulmonary artery. 

ASD =atrial septal defect. PC=“ pulmonary capillary”. 


Dye delivery by 10-sec. infusion except in patients B4, B5, and B6 when one rapid bolus used. 


MS=mitral stenosis. _ 
MR =mitral regurgitation 
AS=aortic stenosis. 


DISCUSSION 


Two patients in the first group, who were thought clinically to have no Graham Steell murmurs, 
unexpectedly showed regurgitation of dye into the right ventricle during the infusion in the pul- 
monary artery, but in both instances the dye gave only a minimal reading on the spectrophotometer 
and was not visible to the naked eye. In one of these patients (A2), coronary or intercostal 
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recirculation could account for the dye in the right ventricle, since it appeared only during the sixth 
and seventh seconds after beginning the infusion. In the other (Al), the dye appeared too early 
for this explanation, and it is possible that he had a slight degree of pulmonary regurgitation not 
suspected because of the over-shadowing of aortic regurgitation. 

Only one patient showed pronounced regurgitation of dye through the pulmonary valve: this 
man (C8) was thought clinically to have a Graham Steell murmur, and he was the patient with the 
highest pulmonary artery pressure recorded in the study. The other patient (C9) in whom the 
diagnosis of a Graham Steell murmur was made confidently showed no regurgitation of dye, nor did 
any of the patients in the questionable group. Two explanations are possible: (1) none of these 
patients had any regurgitation at the valve, or (2) the method as performed here is inadequate to 
demonstrate small amounts of regurgitation. With regard to the latter, it is conceivable that when 
dye is injected into the pulmonary artery a streaming effect of the dye jet may carry the dye beyond 
the area of regurgitating blood; this possibility might be overcome by making multiple perforations 
near the tip of the delivery catheter, thus ensuring better mixing in the pulmonary artery. In 
addition, accurate positioning of the two catheters immediately distal and proximal to the valve 
seems to be of paramount importance (Bajec et al., 1958), and a slight error in positioning may 
produce false negative results. 

While this method demonstrated pulmonary regurgitation in one patient, there are apparently 
pitfalls. This direct method is not superior to the indirect one of diagnosing an incompetent valve 
by recording two peripheral dye curves, one distal and one proximal to the valve (Lendrum and 
Shaffer, 1959). 


SUMMARY 


An attempt was made at cardiac catheterization to demonstrate regurgitation of dye through the 
pulmonary valve in a series of nine patients with basal diastolic murmurs, some of whom were 
thought clinically to have Graham Steell murmurs. Evans blue dye was injected into the pul- 
monary artery and samples of blood for dye analysis were obtained by a fractional collector from 
the right ventricle. The demonstration of regurgitant dye did not occur in all instances in which it 
was clinically suspected, and the difficulties in this method of proving pulmonary regurgitation are 
pointed out. 
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COMPLETE HEART BLOCK TREATED WITH CORTICOTROPHIN 
AND CORTICOSTEROID 


BY 
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From the Liverpool Royal Infirmary and the Liverpool Regional Cardiac Centre 


Received May 14, 1960 


In 1954 Prinzmetal and Kennamer first described the successful use of corticotrophin in a case of 
cute myocardial infarction with complete heart block and severe Adams-Stokes attacks, which had 
roved resistant to the conventional forms of therapy. A further report (Phelps and Lindsay 1957) 
Iso suggested the possible value of cortisone in this type of case, and recently Gilchrist (1960) 
1entions the use of corticosteroids for complete heart block following acute myocardial infarction. 
n other forms of heart disease where complete heart block and Adams-Stokes attacks were 
‘rominent, both corticotrophin and corticosteroids have bzen used with some success in endeavours 

‘9 abolish the conduction block (Tung et a/., 1957: Litchfield et a/., 1958), and many physicians will 
ow be familiar with the resolution of arrhythmias and varying degrees of heart block when cortico- 
steroids have been given to patients with acute rheumatic carditis. 

The rationale of this form of treatment is that heart block may be due to a reversible inflammatory 
reaction in the region of the atrio-ventricular node and bundle of His, rather than to permanent 
damage at this site, and that it may be possible to suppress this reaction and abolish the block with 
these anti-inflammatory drugs. Furthermore Lown et al. (1955), in a study of patients with either 
Addison’s disease or Cushing’s disease and of the effects of cortisone on normal subjects, found 
evidence that adrenal corticosteroids have a direct accelerator effect on atrio-ventricular conduction. 

Prior to using these potentially dangerous drugs in patients with myocardial infarction and other 
forms of heart disease, it is of the utmost importance to know their effects on the already damaged 
myocardium. In this respect it has been shown that in active rheumatic carditis (Joint Trial, 1955; 
Illingworth et al., 1957), considerable benefit has been derived from this type of therapy, while in 
experimentally induced myocardial infarction in laboratory animals cortisone seems to exert no 
detrimental effects on the healing process (Chapman et al., 1952; Opdyke et al., 1953; and Hepper 
et al., 1955). 

In the following five cases, four of complete heart block and one of A-V dissociation, cortico- 
trophin (ACTH gel) or corticosteroids (ledercort) or both have been used in attempts to abolish the 
respective arrhythmias. 


CASE REPORTS 


Case 1. A woman, aged 71 years, suddenly lost consciousness in the street. On admission she had 
completely recovered her faculties and gave no history of previous heart trouble nor had she ever experienced 
ischemic cardiac pain. 

On examination the pulse was regular at a rate of 44a minute. Her blood pressure was 180/80. Clinically 
and radiologically there was considerable generalized cardiomegaly, but no signs of valvular disease were 
detected. She had complete atrio-ventricular block with a right bundle branch block (Fig. la). Serum 
transaminase levels taken 4 hours and 24 hours after her blackout were 100 and 300 units respectively. 
Serum cholesterol was 240 mg., serum urea 25 mg. each per 100 ml. Serum electrolytes were sodium 140 
m.eq./I., potassium 4 m.eq./I., and chloride 98 m.eq./]. Her W. R. was negative. 
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After two further and rather prolonged blackouts within 26 hours of admission to hospital corticotrophin 
therapy (ACTH gel 40 units b.i.d.) was started and the next day sinus rhythm was restored, now with the 
associated changes of a left bundle-branch block (Fig. 1b.). She remained well and the cardiographic pattern 
was maintained (as Fig. 1b) despite gradual withdrawal from corticotrophin and substitution of ledercort 
(4 mg. t.i.d.) as maintenance therapy for three months, after which all treatment was discontinued. When 
last seen a month later she had had no further Adams-Stokes attacks and the cardiogram at this stage 
was unchanged (Fig. Ic). 

Comment. There seemed no doubt that this patient had had an episode of acute myocardial damage 
situated near the A-V node and bundle of His. The age of the patient and the serum transaminase levels 
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Fic. 1.—(a) Complete heart block with right bundle-branch block. (6) and (c) Sinus rhythm with left bundle-branch 
block. 


suggested that this was probably the result of an acute painless myocardial infarction. Her improvement, 
the abolition of the complete heart block, and the bundle-branch block pattern changing, while on cortico- 
trophin therapy, also suggested that this treatment may have suppressed an inflammatory reaction of the 
myocardium at this critical site, at the critical stage in her illness. 

Case 2. A woman, aged 67, was first observed to have Adams-Stokes attacks in December 1955. Un- 
fortunately no electrocardiogram was taken at this time but clinical examination had revealed a pulse rate of 
40 a minute, a blood pressure of 200/100, no evidence of valvular heart disease, but some cardiomegaly. 
There was no history of ischemic heart pain. In April 1956 she had been free of further Adams-Stokes 
attacks for four months and a cardiogram then revealed 2:1 A-V block (Fig. 2a). On maintenance ephe- 
drine (grains 4, b.i.d.) she remained well until September 1959, when the attacks returned with alarming 
frequency and on admission (2/9/59) the pulse was regular at a rate of 36 a minute and the B.P. 170/60. 
There was now complete heart block (Fig. 2b). 

Serum transaminase, 90 units: serum cholesterol 180 mg., serum urea 45 mg., each per 100 ml.: serum 
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COMPLETE HEART BLOCK 725 
slectrolytes; sodium 136 m.eq./I., potassium 4-2 m.eq./l., chloride 97 m.eq./l., W. R. negative. X-ray chest, 
narked left ventricular enlargement. 

We thought it possible that she had had a recent episode of ischemic myocardial damage and cortico- 
rophin therapy (ACTH gel. 40 units b.i.d.) was started at once. No further Adams-Stokes attacks occurred 
rom the commencement of treatment although the pulse rate remained unchanged for 17 days when it rose 
slightly and there was 2:1 A-V block (Fig. 2c). Corticotrophin therapy was then gradually withdrawn and 
she remained free of further Adams-Stokes attacks and there were no further changes in the cardiogram, 
intil her sudden death at home on 6/12/59. No autopsy was performed. 









(a) 
April 1956 
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(c) 
20 Sept.1959 == 


Fic. 2._(a) 2:1 A-V block. (b) Complete heart block. (c) 2:1 A-V block. 


Comment. This patient undoubtedly improved after starting corticotrophin therapy, despite no 
immediate changes in her heart rhythm or pulse rate. Her clinical progress and the later re-appearance of 
2:1 A-V block, for the first time for three years, may well have been due to this form of treatment. 

Case 3. Aman, aged 39 years, began to have Adams-Stokes attacks in October 1958. At this time there 
was no evidence of valvular heart disease, coronary artery disease, or collagenosis, and a cardiogram taken 
with the patient free of symptoms revealed complete heart block (Fig. 3a). 

The attacks continued despite conventional therapy until April 1959 when a further record (again taken 
between attacks) was normal (Fig. 3b). He refused admission to hospital and remained well until November 
1959 without treatment. The attacks then returned with frightening frequency and he was admitted. 
During a subsequent series of severe Adams-Stokes attacks his pulse rate fell to 26-30 a minute for periods of 
one to three minutes, and a cardiogram (13/11/59) taken at this time showed a varying A-V block (Fig. 3c). 

Corticotrophin therapy (ACTH gel 40 units a day) was then started and within six hours of the first injec- 
tion the blackouts ceased and the pulse rate rose to 100 a minute (Fig. 3d). He remained free of further 
trouble for a week when following a reduction of the dose of ACTH gel to 30 units a day he had several 
further Adams-Stokes attacks which promptly responded to increasing the dose of ACTH to 40 units a day. 

Subsequently the corticotrophin was once again gradually reduced to 10 units on alternate days and 
ledercort was introduced (4 mg. t.i.d.) as maintenance therapy. No more attacks occurred until 25/1/60 
when again a further reduction of the dose of ACTH was followed by reappearance of transient episodes of 
heart block on the days on which he received no therapy. When once again established on a higher dose of 
ACTH (with ledercort 4 mg. t.i.d.) he improved and has maintained this improvement for another three 
weeks. 

Comment. The reason for this patient’s myocardial trouble was not established. He certainly obtained 
considerable benefit from corticotrophin and ledercort therapy and demonstrated his dependence on a critical 
dose of ACTH in order to maintain this improvement. This was noted by Litchfield et al. (1958) also in a 
similar case. 

Case 4. A woman, aged 55, was admitted to hospital with a six months’ history of irregular fluttering of 
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Fic. 3.—({a) Complete heart block. (5) Sinus rhythm. (c) Shows the termination of a period of complete 
ventricular standstill. (d) Sinus rhythm restored. 
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the heart; breathlessness on exertion, and three attacks of unconsciousness which were thought to have been 
Adams-Stokes attacks. There was only a very doubtful history of ischemic heart pain. 

On examination (18/6/59) the pulse was irregular at a rate of 36-40 a minute, the heart was enlarged but 
there was no clinical evidence of valvular heart disease. B.P. 140/80. She showed 4:1 A-V block with 
right bundle-branch block (Fig. 4a), whereas 12 hours later complete heart block was evident (Fig. 4b). 
X-ray of the chest showed generalized cardiomegaly and some pulmonary congestion. 

Serum transaminase, 40 units; serum proteins; total 7-4 g., albumin 4-1 g., globulin 3-3 g., each per 100 ml. 
(y globulin 0-8 g.); serum cholesterol 140 mg., serum urea 40 mg. each per 100 ml. Serum electrolytes 
were sodium 138 m.eq./I., potassium 4-2 m.eq./l., and chloride 98 m.eq./l. No L.E. cells were seen in the 
peripheral blood. 

Despite conventional treatment the attacks of unconsciousness persisted with varying severity: at times 
periods of ventricular asystole lasted up to 60 seconds and were succeeded on occasions by short bursts of 
tachycardia (Fig. 4c). By 1/7/59 she was critically ill in congestive heart failure and it was then observed 
that the serum potassium level was only 2-3 m.eq./l. Corticotrophin therapy was started (ACTH gel 40 
units b.i.d.) along with the administration of oral potassium chloride (1 g. t.i.d.). Within ten hours she felt 
much better and the record showed 4:1 A-V block with a right bundle-branch block (with disappearance of 
the ventricular extrasystoles). On 4/7/59 there was 2:1 A-V block (Fig. 4d) and by 7/7/59 sinus rhythm had 
returned with persistence of the right bundle-branch block (Fig. 4e). The serum potassium at this point was 
3-5 m.eq./l. Following gradual reduction of the dose of ACTH, 2:1 A-V block returned (13/7/59) and 
despite further increases in the dose of ACTH to 40 units b.i.d. this block persisted. 

Her subsequent progress was punctuated by a further episode of congestive heart failure, a severe chest 
infection, and several more Adams-Stokes attacks with varying degrees of heart block, which proved resistant 
to treatment with cortisone, sodium lactate, calcium gluconate, ephedrine, adrenaline, and atropine. When 
last seen (6/2/60) there was 2:1 A-V block with right bundle-branch block (Fig. 4f) and she has been almost 
free from Adams-Stokes attacks for three months. 
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Comment. In this case the exact nature of the myocardial damage was not clear, but there seems no doubt 
that her deterioration on 1/7/59 was in part due to the development of hypokalemia. Her improvement on 
corticotrophin therapy and potassium chloride (orally) was, we feel, too rapid to be explained entirely on a 
rising serum potassium and it seems possible that the corticotrophin promoted the transient restoration of 
sinus rhythm that enabled her to survive. 

Case 5. A woman, aged 55, had enjoyed good health until November 1959 when she began to experience 
‘a few thumps in the chest” in association with a peculiar feeling in the pit of the stomach. In retrospect 
she remembered that there had been some doubt about her “heart action” 20 years ago when her only child 
was born. There was no history of exertional chest pain or of anything to suggest a recent episode of 
schemic heart damage. 

On examination (9/12/59) pulse rate 80 a minute, B.P. 160/90. No evidence of valvular heart disease. 
X-ray of chest and screening of heart, normal. Complete A-V dissociation but no other abnormality (Fig. 
Sa). 
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Fic. 4.—(a) 4:1 A-V block with right bundle-branch block. Fic. 5.—({a) Complete A-V dissociation. (b) Sinus 


(b) Complete heart block. (c) Ventricular asystole rhythm with prolongation of the P-R interval (0-28 
succeeded by a short bout of ventricular extrasystoles. sec.). (c) and (d) Sinus rhythm with a slightly 
(d) 2:1 A-V block with right bundle-branch block. shorter P-R interval (0-26 sec.) 


(e) Sinus rhythm with right bundle-branch block. 
(f) 2:1 A-V block with right bundle-branch block. 


Ledercort therapy (4 mg. t.i.d.) was started at once and by 30/12/59 the pulse rate had risen to 100 a minute 
and a further record showed sinus rhythm with prolongation of the P-R interval to 0-28 sec. (Fig. 5b). She 
remained well and two weeks later still showed sinus rhythm with, however, a somewhat shorter P-R 
interval of 0-26 sec. (Fig. 5c). Over the next eight weeks the dose of ledercort was gradually reduced to 2 mg. 
daily and when last seen two months later she was still well, but there remained some prolongation of the P-R 
interval (Fig. 5d). 

Comment. Here again the ztiology of the heart damage and arrhythmia was uncertain, but the dis- 
appearance of the A-V dissociation after starting corticosteroid therapy and the persistence of the prolonged 
P-R interval suggests that there may well have been resolution of some of the myocardial damage while on 
this form of therapy. 
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DISCUSSION 


The above observations are open to alternative interpretations as the natural course 
of complete heart block and other cardiac arrhythmias is so variable (Penton ef a/., 1956), and 
no firm conclusions can be drawn from such a small series of cases of diverse etiology. However, it 
would seem that this form of therapy may be valuable in overcoming persistent complete heart block 
when it is causing incapacitating Adams-Stokes attacks that have proved resistant to the more con- 
ventional therapeutic measures. Furthermore, it might even be the treatment of choice in those 
desperate cases of complete heart block occurring after a recent myocardial infarction or with 
severe myocardial damage whatever its etiology, where the prognosis is most uncertain and often 
grave (Penton et a/., 1956; Gilchrist, 1960). Whether or not such a therapeutic regime should be 
tried in circumstances where acute complete heart block is asymptomatic or where any acute 
arrhythmia develops remains speculative, but our experience with Case 5 suggests that this is worth 
consideration, particularly in view of the absence so far of serious side effects from the use of 
corticosteroids or corticotrophin in this type of case. 


SUMMARY 


A report on the use of corticotrophin and corticosteroids in an attempt to abolish the conduction 
block, in four cases of complete heart block and one case of A-V dissociation, has been presented. 


We should like to thank Dr. Baker-Bates for the invitation to see Case 4 and for permitting us to use his records; and 
also Dr. A. John Robertson for allowing us to publish Case 5. 
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CASE REPORTS 


CARDIO-AORTIC FISTULA THROUGH ANOMALOUS CORONARY ARTERIES 
BY 
CARLOS GUIDICI AND LUIS BECU 


From the Pathological Institute of the University of Venusberg, Bonn, Germany 


Anomalous coronary arteries may bring the aorta into communication with the cardiac chambers 
yr the pulmonary artery, creating various abnormalities comparable with arteriovenous fistulae that 
nay be of clinical and surgical importance. Recently Edwards (1958) has summarized the field 
of coronary anomalies, contributing a functional and anatomical classification of them. 

Among the specimens in the Department of Pathology of the Children’s Hospital of Buenos 
Aires, there are two in which coronary arteries bring the aorta into communication with the right 
ventricle. In both there is atresia of the pulmonary artery. The present case is of special interest 
because of the existence of an additional ventricular septal defect, absent in the heart of the patient 
of Kreutzer et al. (1953) where the right ventricle was normally developed. 


Case Report. The patient who had been cyanotic since birth, was seen at the Department of Cardiology 
at the age of 20 days. The apical impulse was normal, and there was a systolic murmur of moderate intensity 
in the mid-precordial, apical, and tricuspid areas, but no thrill. Radiological examination revealed slight 
cardiac enlargement with decreased pulmonary vascular markings, concavity of the pulmonary conus, and 
a convex right cardiac border. The cardiogram (Fig. 1) showed sinus tachycardia, a normal electrical 
axis, and normal conduction times: the P wave was peaked in lead II and right precordial leads, with diphasic 
QRS in V1 and positive T waves in the left precordial leads. 

At two months of age the child was readmitted to the hospital for further investigation. He weighed 
4:1 kg. Thecyanosis, which was permanent, had decreased slightly in intensity. Venous angiocardiography 
was performed one month later, and the child died suddenly 24 hours after this procedure. The first film 
of the angiocardiogram (Fig. 1b) shows the contrast medium in the superior vena cava, the right atrium 
and the inferior vena cava. Additionally, an anomalous blood vessel is seen extending across the cardiac 
silhouette from the right atrium to the region of the pulmonary conus. The degree of opacity of this 
anomalous blood vessel is equal to or greater than the opacity of the aorta. At necropsy it was found that 
this anomalous blood vessel corresponded to the fistulous right coronary artery. Contrast medium was 
not visualized within the right ventricle, the pulmonary trunk, or its branches. 

Necropsy Findings. The heart was of approximately normal size. There was atresia of the pulmonary 
trunk but it was not transposed (Fig. 2a); there was a thin patent ductus arteriosus. The left ventricle 
made up two-thirds of the anterior surface of the heart, but the right ventricular mass was larger than is 
usual in simple pulmonary atresia. The right atrium was enlarged and hypertrophic. The venz cave and 
the patent foramen ovale were normal. The tricuspid orifice was hypoplastic, measuring at ring level 8 mm. 
in diameter. Its valves were proportionately small but fully developed, so that the anterior and posterior 
leaflets and both papillary muscles of the right ventricle could be easily recognized. 

A striking feature of the specimen was the dilatation and tortuosity of both coronary arteries, which 
arose from the aorta at the normal sites of origin. Close to the apex of the heart the descending branches of 
both coronary arteries joined to form a whitish angiomatous mass. A remarkable difference existed between 
the left circumflex coronary artery, which was normal, and the other tortuous arteries. The position within 
the thorax of the right coronary artery corresponded exactly to the blood vessel opacified in the first film of 
the angiocardiogram. 

* From the Department of Pathology of the Children’s Hospital of Buenos Aires, Gallo 1330, Buenos Aires, 
Argentina. 
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Fic. 1.—(a) Electrocardiogram, described in the text. (b) First film of the venous angiocardiogram: 
S.V.C., superior vena cava; I.V.C., inferior vena cava; R.A., right atrium; A., aorta; R.V., right 
ventricle; L.V., left ventricle. Across the cardiac silhouette, between the area shown by arrows, an 
anomalous blood vessel has been opacified. At necropsy this vessel was shown to be the right 
coronary artery. 


Water injected into the right ventricle immediately filled both coronary arteries, and the liquid was seen 
to spurt forth forcibly from the coronary ostia. The right ventricular chamber was the size of a hazel-nut 
amidst thick muscular walls, and the pulmonary infundibulum was clearly recognizable as a blind pouch 
superior to the crista supraventricularis. A typical ventricular septal defect 6 mm. in diameter was present, 
being located posterior to the undistorted papillary muscle of the conus. The aorta did not override the 
defect. 

An ample connection was found between the right ventricular chamber and the aneurysmal mass at the 
apex, which in turn was in free communication with both descending coronary arteries. Toward the apex 
the lumen of the right ventricle became narrowed to a muscular tract (Fig. 2b) which continued into an 
irregular sac with fibromuscular walls (Fig. 2c). From this sac both descending coronary arteries could 
be entered with probes 3 mm. (anterior) and 2 mm. (posterior) in diameter. 

The left ventricle and atrium were essentially normal but dilated. No aortic abnormalities were present. 
The coronary ostia were more than twice the normal size. The lungs showed no cedema or focal alveolar 
hemorrhage. Microscopic examination revealed residual alveolitis; the arteries were thin walled, the lumen 
being large. The rest of the pathological examination showed no other relevant abnormal findings. The 
final diagnosis was atresia of the pulmonary trunk, tricuspid hypoplasia, a fistula between aorta and right 
ventricle through both coronary arteries, and a ventricular septal defect located posterior to the papillary 
muscle of the conus. 
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Fic. 2._(a) Anterior aspect of the specimen. The pulmonary trunk (P.T.) is atretic and 
the pulmonary circulation is maintained through a small patent ductus arteriosus 
(P.D.A.). Both the anterior descending coronary artery (A.D.C.A.) and the right 
coronary artery (R.C.A.) are enlarged and tortuous. The arrow points at the 
angiomatous aneurysmal mass present close to the apex of the heart. This aneurysm 
is formed by the junction of both descending coronary arteries, and an ample 
connection was present between it and the right ventricle which is somewhat smaller 
than the left. 

(b) and (c). The apex of the right ventricle, opened by a section that passes close 
to the ventricular septum (V.S.) and includes the aneurysmal sac at the apex (a). 
A single polyethylene catheter has been threaded into both the anterior (A.D.C.) and 
the posterior (P.D.C.) descending coronary arteries, so that its mid-portion comes to 
lie within and through the aneurysmal sac at the apex, indicating the continuity of 
these structures. In (b) the specimen has been inclined to the right, showing the 
muscular tract continuing the lumen of the right ventricle into the aneurysmal sac 
(arrow). In (c) the specimen has been inclined to the left, showing the ventri- 
cular septum (V.S.) and the aneurysm at the apex (a). 


Discussion 


The second group of Edwards’ classification includes “coronary anomalies secondary to the 
effects of certain primary cardiac malformations, such as atresia of either the aortic or pulmonary 
valve’’. Under these circumstances, and in the presence of an intact ventricular septum and 
a competent atrioventricular valve, the anomalous vessel allows blood to be expelled from the 
ventricle during systole, and can be interpreted simply as a persistence of the normal vascular 
connections existing in the foetus by means of the Thebesian vessels. The anomalous increase of 
these connections would be secondary to the effects of obstruction to the ventricular outflow. 

We believe that another interpretation can be considered. The coronary anomaly may be the 
primary malformation. In favour of this point of view are the following considerations: (i) the 
ventricular septum is a sponge-like structure, with multiple openings in it, till approximately the 
sixth week of development, at a time when the partitioning of the truncus is almost complete (Patten, 











732 CARLOS GUIDICI AND LUIS BECU 


personal communication). Irrespective of the size of the pulmonary trunk, the right ventricle has 
apparently ample opportunity at this time to expel blood without the use of the normal Thebesian 
connections (Zanchi and Locatelli, 1958); (ii) the majority of aortic or pulmonary atresias are not 
associated with coronary anomalies; (iii) on the other hand, there are many cases on record of 
coronary fistulae with normal ventricular outflow tracts (Steinberg et a/., 1958); (iv) in our present 
case there is an associated ventricular septal defect which, considered as an outlet to the right 
ventricular ejection, excludes the possibility that the coronary fistula is initially the consequence 
of mechanical outflow obstruction due to the pulmonary atresia. The same situation applies to 
the specimens described by Alexander and Green (1952) and Michel and Herbst (1957), which also 
had a ventricular septal defect with pulmonary atresia and coronary fistula. 

Of main interest is the nature of the shunts established through coronary fistulae to the right 
ventricle. The pressure gradient between the connected chambers is responsible for significant 
left-to-right shunts after birth in patients in which the fistula is the only malformation (Brooks, 1885; 
Edwards et al., 1958). Surgical interruption of the shunt has been successfully accomplished in 
several such patients (Case et al., 1958). The circumstances of the shunt are different if the coronary 
fistula is associated with pulmonary atresia (Williams et a/., 1951). Probably blood flows from the 
coronary arteries into the right ventricle during diastole, due to the gradient established by perfusion 
pressure. In systole, blood from this source plus that passed through the competent atrio-ventricular 
valve, must be ejected through the only possible outlet—the coronary fistula. Therefore, in these 
hearts the fistula carries a bidirectional shunt, alternating with the phases of the cardiac cycle. 

In cases such as ours, the presence of an added ventricular septal defect makes it difficult to 
estimate the relative amount and direction of shunts mediated by both possible outlets to the right 
ventricle. However, we believe that the data in this case suggest that the shunt through the coronary 
fistula was predominantly right-to-left, and of more functional significance than the shunt through 
the septal defect. The degree of opacity of the right coronary artery can be interpreted as due to a 
large right-to-left shunt through it, since its opacity was at least equal to that of the aorta and 
greater than the opacity of the aortic branches. In our patient both ventricles probably retained 
throughout life the pressure relationships that existed before birth, because in the presence of 
pulmonary atresia the mechanisms that usually lower the right ventricular pressure are not 
operative. Furthermore, the size of the descending coronary arteries serving the fistula indicates, 
by comparison with the left circumflex of normal diameter, that the fistula functioned significantly 
in utero. 

The function of the ventricular septal defect is not as clear. One would expect that, if it allowed 
a sizable shunt, the right ventricle would have developed normally. The final anatomical arrange- 
ment would then be that of a tetralogy of Fallot with pulmonary atresia and coronary fistula, a 
complex quite different from that existing in our specimen. The main difference appears to be the 
position of the septal defect in relation to the infundibular structures of the right ventricle (Becu 
et al., 1956). In the present case the defect is located posterior to the papillary muscle of the conus, 
and in the tetralogy of Fallot and its variants the defect is located characteristically anterior to 
a displaced papillary muscle of the conus, between it and the rotated crista supraventricularis. 
Assuming that ventricular pressures are essentially equal during fcetal life, the amount of blood 
shunted through a ventricular defect will vary in relation to the position of the defect relative to 
the direction of linear flow. 

For this reason a defect posterior to the papillary muscle of the conus with no overriding of the 
aorta may shunt less blood during feetal life than a defect of the same diameter but located anterior 
to the papillary muscle of the conus, that is, across the right ventricular outflow tract. A pre- 
dominant shunt through the defect was not demonstrated in our patient, and the inference on 
anatomical grounds is that its importance was at least not greater than that of the shunt through 
the coronary fistula. 

Summary 


A case is described in which dilated and tortuous coronary arteries arose normally from the 
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aorta giving descending branches that joined to form an angiomatous mass communicating freely 
with the right ventricle. This anomaly was associated with atresia of the pulmonary trunk, patency 
of the ductus arteriosus, enlargement with hypertrophy of the right atrium, and a hypoplastic tri- 
cuspid orifice. The significance of the anomaly is discussed. 
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PERIODIC ASYSTOLE FOLLOWING MYOCARDIAL INFARCTION AND 
CARDIAC DEPRESSANT DRUGS 


BY 


M. GREEN 
From the Department of Pharmacology and Therapeutics, University of Sheffield, and Sheffield Royal Infirmary 


The main use of quinidine and of procaine amide lies in the treatment of cardiac arrhythmias. 
As their action is depressant they are potentially dangerous. The following case showed an 
unusual type of arrhythmia, which developed after myocardial infarction and the administration of 
these agents. 


Case Report 


A man, aged 74 years, was admitted to hospital as an emergency after an attack of precordial 
pain lasting 12 hours. He had had two similar episodes in the preceding two weeks. 

On admission the pulse rate was 180 a minute and regular, the blood pressure was 90/70. The 
jugular venous pressure was raised but there was nocwedema. The heart sounds were soft and an apical 
triple rhythm was present. An electrocardiogram showed a posterior myocardial infarct pattern 
and also an arrhythmia interpreted as ventricular tachycardia (Fig. 1). Anticoagulant therapy was 
started with intravenous dextran sulphate and phenindione by mouth. A single dose of quinidine 
sulphate, 0-3 g., was given orally; two hours later the pulse was irregular and the electrocardiogram 
showed irregularly occurring periods of asystole lasting one second (Fig. 2). No further quinidine 
was given, but as the tachycardia and hypotension were persisting and the condition of the patient 
was grave, a further attempt to restore normal rhythm was considered advisable. Accordingly, 
procaine amide, 250 mg. two-hourly by mouth, was substituted. However, repeated electro- 
cardiographic control showed that the periods of asystole were recurring. 

After four doses of procaine amide (total 1 g.) the radial pulse rate was noted to have fallen to 
20 a minute. The general condition remained unchanged but the heart sounds were irregular 
and scarcely audible. The electrocardiogram showed that periods of asystole were recurring 
regularly every three seconds and lasting for one second each (Fig. 3). Between each of the asystolic 
periods there were five or six complexes, the first of which was always preceded by a P wave. The 
first beat of this cycle represented the pulse that was felt at the wrist and was responsible for the 
rate of 20 a minute. Careful observation revealed that the asystolic intervals were coincident 
with expiration. The P wave recorded at the beginning of the cycle coincided approximately with 
the beginning of inspiration. The procaine amide was stopped immediately these features were 
noted. The use of atropine was considered, but in view of the previous tachycardia this was not 
given. The regularly occurring asystolic periods continued for about eleven hours, after which 
there was a spontaneous reversion to normal rhythm interspersed with ventricular ectopic beats. 

The patient’s condition improved but three days later he again had a paroxysm of ventricular 
tachycardia. Under electrocardiographic control, intravenous procaine amide was administered 
and after 400 mg. had been given normal rhythm abruptly returned. Oral procaine amide 250 mg. 
six-hourly, was given for one week, and 125 mg. six-hourly for a further five days. 

Five days after admission there was slight sacral and ankle cedema, which responded rapidly to 
mersalyl and chlorothiazide. Ten days later, while he was still on procaine amide, 125 mg. six- 
hourly, a further episode of tachycardia occurred, this time found to be supraventricular; carotid 
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Fic. 3.—Lead II, 











Fic. 1.—Electrocardiogram recorded at the time of admission, indicating posterior myocardial infarction 
and also auricular flutter with a 2: 1 response or ventricular tachycardia. 





showing a period of asystole lasting 1°4 second. 





showing periods of asystole lasting 1-4 second and occurring at regular intervals. 
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sinus pressure reduced the rate abruptly by half and a cardiogram showed auricular flutter 
with 2 to 1 heart block. Release of pressure caused the tachycardia to resume. Digoxin, 0-5 mg. 
six-hourly by mouth, was given and the tachycardia settled down during the next 48 hours to 80 
a minute. Auricular flutter persisted throughout the stay in hospital. 

On a further occasion, carotid sinus pressure was applied in an attempt to convert the auricular 
flutter to normal rhythm. The right carotid sinus was compressed under electrocardiographic 
control and after five seconds ventricular standstill suddenly developed. Pressure was at once 
released and after six seconds ventricular activity returned. The auricular flutter persisted and was 
unaffected by the carotid sinus pressure. 

This patient was discharged from hospital five weeks after admission. Out-patient follow-up 
for five weeks showed that the auricular flutter persisted. 

Five weeks after discharge from hospital he suddenly fell in the street, fracturing his skull. He 
died a few hours later. At necropsy considerable cardiac enlargement was found. There was 
fibrosis of both ventricles and a recent infarct in the right ventricle. In the right coronary artery 
there was a brown organizing thrombus 2-3 cm. in length. The left coronary artery was 
atheromatous. 


Discussion 


Cardiac arrhythmia following myocardial infarction is a grave sign. Both quinidine and 
procaine amide are used to restore normal rhythm and both may cause myocardial depression of 
such degree that ventricular failure may occur, due to either asystole or fibrillation. Intravenous 
procaine amide is particularly dangerous in this respect (Epstein, 1953). Cookson (1952) reviewed 
the published work on ventricular standstill as a cause of Stokes-Adams attacks and reported three 
cases he had observed. In cases of this type and in some healthy subjects, altered A-V conduction 
can be induced by carotid sinus stimulation (Holmes and Weill, 1945; Hick, 1954). In those with 
already damaged conducting tissue, the ventricle may be so depressed by such stimulation that 
fibrillation or standstill follows. 

The present case exhibited a particularly unusual arrhythmia in which three main factors seem 
to have been involved. First, the septal damage was presumably the primary cause of the 
arrhythmia. Secondly, the administration of quinidine and procaine amide caused sufficient 
myocardial depression to produce periods of complete cardiac asystole. Thirdly, the increased 
vagal tone occurring regularly during expiration was responsible for the regular pattern of the 
arrhythmia, which may be called periodic asystole. 


Summary 


A case of myocardial infarction complicated by ventricular tachycardia has been described. 
Following the administration of quinidine sulphate and procaine amide, an unusual arrhythmia 
occurred, which has been called periodic asystole, and which was found to be associated with the 
phase of respiration. This arrhythmia has been attributed to the action of the cardiac depressant 
drugs used, and to the increased vagal activity occurring during expiration. 


I wish to thank Professor G. M. Wilson, under whose care the patient was admitted, for permission to publish this 
report and for helpful advice and criticism in its preparation; and Mr. H. Blacow Yates for the details of the ultimate 
fatal termination. 
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ABC leads in ischemic heart disease (Lancaster et al.). 347 

Africans, endomyocardial fibrosis, EC and pathological changes, Uganda (Williams & Somers). 311 
—— —— four cases, Kenya and Tanganyika (Turner & Manson-Bahr). 305 

—— —— phonocardiographic signs, Uganda (Somers & Williams). 546 

—— left ventricular aneurysm, four cases (Lurie). 181 

—— sodium antimony tartrate therapy, effects on the myocardium (Honey). 601 

Age, see Antenatal, Neonatal, Old age 

Alcohol, high output beri-beri, hemodynamic studies (Blacket & Palmer). 483 

Altitude, high, EC of the mountaineer (Jackson & Davies). 671 

Aneurysm, dissecting, see Dissecting aneurysm 

—— left ventricular, in Africans (Lurie). 181 

—— syphilitic, causing rupture of papillary muscle, case report (Stirling & Lambert). 594 

Angina, anoxia test (Coulshed). 79 

—— status anginosus, EC, clinical features, prognosis and treatment (Papp & Smith). 259 
Angiography, cine-, coronary circulation, technique (dogs) (Sloman & Jefferson). 54 

—— in diagnostic differentiation between mitral stenosis and left atrial myxoma (Aldridge & Greenwood). 189 
—— studies of right ventricular outflow tract in valvular pulmonary stenosis (Watson et al.). 706 
Anomalies, see specific conditions, e.g. Coronary artery, anomalous, Transposition of viscera etc., also Congenital 
Anoxia, test for myocardial ischemia (Coulshed). 79 

Antenatal, weight of ventricles in intra-uterine life (Emery & MacDonald).. 563 

Antimony, sodium antimony tartrate, effects on the myocardium (Honey). 601 

Aortic enlargement, kinked innominate vein in diagnosis of (Smith). 110 

Aortic stenosis, congenital combined subaortic stenosis and infundibular pulmonary stenosis (Neufeld ef al.). 686 
—— simulated by massive ventricular hypertrophy (Goodwin et al.). 403 

Aortic valve, bicuspid, clinical and hemodynamic studies (Bentivoglio et al). 321 

Arachnodactyly, associated with dissecting aneurysm and myocardial infarct, case report Paeewenp. 434 
Arrhythmia, after exercise, EC of healthy men (Rumball & Acheson). 415 

—— association with sinu-atrial node disease (Hudson). 153 

—— periodic asystole attributed to cardiac depressant drugs, case report (Green). 734 

—— effects of digitalis in hypothermia (cats) (Szekely & Wynne). 647 

—— effects of hypothermia on (Somerville). 515 

Arterio-cameral fistula, see Fistula 

Atresia, see Pulmonary atresia 

Atrial fibrillation, associated with sinu-atrial node disease (Hudson). 153 

—— effects of hypothermia on (Somerville). 515 

Atrial flutter, with complete heart block (Newcombe ef al.). 691 

Atrial pressure, see Left atrial pressure 

Atrial septal defect, EC changes following surgical correction (Davies et al.). 274 

—— pulmonary venous drainage pathways in (Braunwald ef al.). 385 

Atrio-ventricular block, see Heart block 

Atrium, see Left atrium, Right atrium 

Auscultation, and phonocardiography, in hypertension (Barlow & Kincaid-Smith). 505 


Beri-beri, high output, hemodynamic studies (Blacket & Palmer). 483 

Bicuspid valve, aortic, clinical and hemodynamic studies (Bentivoglio eft al.). 321 

Blood-flow, see also specific conditions 

—— effects of peripheral venous pooling on left atrial pressure in mitral disease (Nixon). 522. 

—— radioactive injection method of studying small pulmonary arteries, technique and results (James et al.). 695 
—— rheography, method and clinical evaluation (Polzer et al.). 140 

Blood, oxygen saturation, spectrophotometric micro-estimation method to measure (Weale). 201 

Blood samples, mercury seal to preserve (Weale). 201 

BRITISH CARDIAC Society, Proceedings. 300, 585 

Bundle-branch block, experimental, ventricular mechanics and intracardiac ECG (dogs) (Folli et al). 463 


Carbon dioxide, ventilatory response to, in mitral disease (Pauli et al.). 255 
Cardiac catheterization, pulmonary artery wedge pressures, problems of interpretation (Bernstein ef al.). 37 
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Cardiac enlargement, combined ventricular hypertrophy in ventricular septal defect, EC and vectorcardiographic 
studies (Beregovich et al.). 

—— familial obstructive cardiomyopathy, diagnosis, prognosis and pathology (Hollman ef al.). 449 

—— obstructive cardiomyopathy simulating aortic stenosis (Goodwin et al.). 

Cardiac infarction, ABC leads in ischemic heart disease (Lancaster et al.). 347 

—— climatic factors influencing coronary thrombosis (Adesola). 635 

—— deep S waves in leads II and III as an indication of (Davies & Evans). 551 

—— EC simulated by therapeutic irradiation (Catterall & Evans). 168 

—— ruptured infarct allowing dissection from left ventricle into right atrium, case report (McKeown). 434 

—— vectorcardiography, method and diagnostic value (Howitt & Lawrie). 

Cardiac output, in coarctation of aorta before and after operation (Taylor & Donald). 117 

—— in high output beri-beri, hemodynamic studies (Blacket & Palmer). 483 

—— in idiopathic hyperkinetic state (Brachfeld & Gorlin). 353 

Cardiac rupture, incidence, pathology and autopsy findings (Levene). 660 

Cardio-aortic fistula, see Fistula 

Cardiomyopathy, obstructive, familial incidence, clinical diagnosis, prognosis and pathology (Hollman ef al.). 449 

—— —— simulating aortic stenosis (Goodwin et al.). 

Chest leads, ABC leads in ischemic heart disease (Lancaster et al.). 347 

Chiari network, and Eustachian valve, variations and embryology (Powell & Mullaney). 579 

Chinese race in Singapore, see Singapore 

Cine-angiography, see Angiography, cine- 

Climate, see also Altitude 

—— factors influencing coronary thrombosis (Adesola). 635 

Coarctation of aorta, blood pressure responses to resection (March et al.). 361 

—— circulatory studies before and after operation (Taylor & Donald). 117 

Congenital, see specific conditions, except : 

Congenital heart disease, basic types of right ventricular pressure curves in (Shanahan ef al.). 457 

—— dye dilution curves, Coomassie blue, technique and results (Oakley ef al.). 533 

—— in mongols, historical note, types and incidence (Berg ef al.). 331 

in Singapore, types and incidence (Muir). 243 

—— skeletal malformations occurring with (Holt & Oram). 236 

—— transposed viscera with levocardia and cardiac anomalies, case report (Campbell). 432 

—— ——_ —— (Fitzgerald). 429 

Coronary artery, anomalous, with arterio-cameral fistula, in infants of Chinese race (Muir). 374 

—— —— with cardio-aortic fistula and other anomalies, case report (Guidici & Becu). 729 

Coronary circulation, studied by cine-angiography, technique (dogs) (Sloman & Jefferson). 54 

Coronary heart disease, in Singapore (Muir). 

—— status anginosus, EC, clinical features, prognosis and treatment (Papp & Smith). 259 

Coronary thrombosis, see Cardiac infarction 

Corticosteroids, in treatment of complete heart block (Aber & Jones). 723 

Corticotrophin, in treatment of complete heart block (Aber & Jones). 723 





Digitalis, effects on the hypothermic heart (cats) (Szekely & Wynne). 647 

Dissecting aneurysm, saccular, of aorta, etiology and treatment case report (Baker & Kidd). 437 

—— of coronary artery, in arachnodactyly, case report (McKeown). 434 

Ductus arteriosus, patent, see Patent ductus arteriosus 

Dye, method to demonstrate regurgitation through the pulmonary valve (Wanzer ef al.). 720 

Dye dilution curves, in congenital heart disease, Coomassie blue, technique and results (Oakley ef al.). 533 
— new stable earpiece, constructional details and use (Norman). 73 


Earpiece, for dye dilution curves, constructional details and use (Norman). 73 
Ebstein’s syndrome, review of eleven cases (Sinha eft al.). 94 

Electrocardiography, ABC leads in ischemic heart disease (Lancaster et al.). 347 
—— significance of deep S waves in leads II and III (Davies & Evans). 551 
Embolism, aortic saddle, associated with cardiac myxomata (Carter ef al.). 502 
Endocardial fibrosis, EC and pathological changes, Uganda (Williams & Somers). 311 
—— four cases, Kenya and Tanganyika (Turner & Manson-Bahr). 

—— phonocardiographic signs, Uganda (Somers & Williams). 546 

Endomyocardial fibrosis, see Endocardial fibrosis 

Eustachian valve, and Chiari network, variations and embryology (Powell & Mullaney). 579 
Exercise, EC of healthy men after strenuous (Rumball & Acheson). 415 


Familial heart disease, with skeletal malformations (Holt & Oram). 236 
Familial obstructive cardiomyopathy, diagnosis, prognosis and pathology (Hollman ef al.). 449 
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Fibrillation, see Atrial fibrillation 

Fistula, cardio-aortic, with pulmonary atresia and other anomalies, case report (Guidici & Becu). 729 
—— coronary arterio-cameral, in infants of Chinese race (Muir). 374 

Flutter, see Atrial flutter 


Gumma, cardiac, see Syphilis 


Hematemesis, fatal, resulting from anomalous pulmonary venous drainage into left gastric vein (Laurence & Brown). 
295 


Hemorrhage, see Hematemesis, Subarachnoid hemorrhage 

Hemosiderosis, pulmonary, in patent ductus arteriosus with mitral disease, case report (Walton & Heath). 440 
Heart block, atrial flutter in cases of complete (Newcombe ef al/.). 691 

—— in children, unusual forms (Castellanos et al.). 713 

—— corticotrophin and corticosteroids in treatment of complete (Aber & Jones). 723 
Heart disease, basic types of right ventricular pressure curves in congenital and acquired (Shanahan et al.). 457 
—— coronary, see Coronary heart disease 

——— in systemic lupus erythematosus, incidence and types (Brigden ef al.). 1 

Heart size, in old age, transverse diameter related to other clinical factors (Cowan). 391 
Heredity, familial congenital heart disease with skeletal malformations (Holt & Oram). 236 
—— and familial incidence of obstructive cardiomyopathy (Hollman et al.). 449 

Hernia, hiatus, EC and radiological studies (McGuinness & Park). 629 } 

High altitude, see Altitude 

Hume, Sir William, obituary (Swan). 426 

Hyperkinetic state, idiopathic, clinical syndrome (Brachfeld & Gorlin). 353 

Hypertension, pulmonary, see Pulmonary hypertension 

—— systemic, etiology (Evans). 17 

auscultatory and phonocardiographic findings (Barlow & Kincaid-Smith). 505 
——— —— in coarctation of aorta, effects of resection on (March ef al.). 361 

—— —— EC signs of left ventricular hypertrophy and strain in (Simpson). 227 
Hypertrophy, see Cardiac enlargement 

Hypothermia, effects on atrial fibrillation and other arrhythmias (Somerville). 515 

—— effects of digitalis on the hypothermic heart (cats) (Szekely & Wynne). 647 

—— EC changes in (cats and dogs) (Wynne ef al.). 642 





Idiopathic hyperkinetic state, see Hyperkinetic state 
Infarction, see Cardiac infarction 


Infundibular stenosis, congenital pulmonary infundibular stenosis combined with subaortic stenosis (Neufeld ef al.). 


—— following pulmonary valvotomy, cine-angiocardiographic studies (Watson ef al.). 706 
Infundibulectomy, and pulmonary valvotomy, technique and results (Edwards). 472 
Innominate vein, kinked, causation and diagnostic significance (Smith). 110 

Iron incrustation, see Hemosiderosis 

Ischemic heart disease, ABC leads in (Lancaster et al.). 347 

—— anoxia test for (Coulshed). 79 


Jugular vein, unilateral left-sided engorgement arising from kinked innominate vein (Smith). 110 


Kenya, see Africans _ 
Kinked innominate vein, see Innominate vein 


Left atrial pressure, changes resulting from peripheral venous pooling, in mitral disease (Nixon). 522 

Left atrium, myxoma, diagnosed histologically from aortic saddle embolus (Carter et al.). 502 

——— —— and mitral stenosis, difficulties of clinical differentiation (Aldridge & Greenwood). 189 

—— rhabdomyosarcoma obstructing mitral valve, case report (Dunnet ef al.). 597 

Left ventricle, congenital obstruction to both left and right ventricular outflow tracts (Neufeld et al.). 686 
—— ruptured infarct allowing dissection from left ventricle into right atrium, case report (McKeown). 434 
Lupus erythematosus, systemic, heart lesions in (Brigden et al.). 1 


Marfan’s syndrome, see Arachnodactyly 

Mercury seal, for preserving blood samples (Weale). 201 

Meteorology, see Climate 

Mitral incompetence, opening snap in diagnosis (Nixon et al.). 395 

Mitral stenosis, and myxoma of left atrium, difficulties of clinical differentiation (Aldridge & Greenwood). 189 
ventilatory response to carbon dioxide in (Pauli et al.). 255 
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Mitral valve, obstructed by rhabdomyosarcoma, case report (Dunnet ef al.). 597 

Mitral valve disease, left atrial pressure changes resulting from peripheral venous pooling (Nixon). 522 
Mitral valvotomy, atrial EC as guide to prognosis (Mounsey). 617 

—— post-operative deterioration (Baker & Hancock). 281 

Mongols, congenital heart disease in, historical note, types and incidence (Berg et al.). 331 
Mountaineer, EC at high altitude (Jackson & Davies). 671 

Myocardial infarction, see Cardiac infarction 

Myocardial Ischemia, see Ischemic heart disease 

Myocarditis, gummatous, see Syphilis 

Myocardium, effects of sodium antimony tartrate on (Honey). 601 

—— injury from therapeutic irradiation producing ECG changes (Catterall & Evans). 168 

Myopathy, see Cardiomyopathy 

Myxoma, cardiac, associated with aortic bifurcation block (Carter et al.). 502 

—— of left atrium, difficulties of clinical differentiation from mitral stenosis (Aldridge & Greenwood). 189 


Neonatal, EC of normal infants, serial records from birth to seven days (Datey & Bharucha). 175 
Node, cardiac, see Sinu-atrial node 


Obituary, Hume, Sir William (Swan). 426 

Obstructive cardiomyopathy, see Cardiomyopathy 

Old age, heart size in, transverse diameter related to other clinical factors (Cowan). 391 
Opening snap, in diagnosis of mitral incompetence (Nixon et al.). 

Oxygen saturation, spectrophotometric method to measure (Weale). 201 


Pacemaker, see Sinu-atrial node 

Papillary muscle, rupture following aneurysm attributed to syphilis, case report (Stirling & Lambert). 594 
Patent ductus arteriosus, serving as essential shunt, case report (Walton & Heath). 

Pericarditis, acute non-specific, unusual features in a series of fourteen patients (Swan). 651 

Peripheral venous pooling, see Blood-flow 

Phonocardiography, in endomyocardial fibrosis (Somers & Williams). 546 

—— and auscultation, in hypertension (Barlow & Kincaid-Smith). 505 

Prednisolone, maintenance therapy in chronic pulmonary heart disease (Mickerson). 220 

Pressure, see Left atrial pressure, Right ventricular pressure etc. 

Primary pulmonary hypertension, see Pulmonary hypertension 

Priscol, effect on pulmonary circulation in cor pulmonale (Widimsky ef al.). 571 

Procaine amide, causing periodic asystole, case report (Green). 734 

Pulmonary arteries, peripheral, studied by radioactive injection method, technique and results (James ef al.). 695 
Pulmonary artery wedge pressure, problems of interpretation (Bernstein ef al.). 

Pulmonary atresia, with cardio-aortic fistula and other anomalies, case report (Guidici & Becu). 729 

—— results of surgical treatment for (Campbell). 527 

Pulmonary hypertension, effect of priscol, in cor pulmonale (Widimsky et al.). 571 

—— primary, with obstructive venous lesions, case report (Brewer & Humphreys). 445 

Pulmonary regurgitation, diagnosis by a dye method (Wanzer et al.). 0 

Pulmonary stenosis, relationship of pressure and valve area in (Campbell). 101 

—— valvular, cine-angiocardiographic studies of the outflow tract (Watson ef al.). 706 

Pulmonary valvotomy, and infundibulectomy, technique and results (Edwards). 472 

—— followed by acquired infundibular hypertrophy, cine-angiocardiographic studies (Watson ef al.). 706 
Pulmonary vein, drainage pathways in atrial septal defect (Braunwald et al.). 

—— isolated anomalous drainage into left gastric vein, with fatal hematemesis (Laurence & Brown). 295 
—— obstructive venous lesions, in a case of primary pulmonary hypertension (Brewer & Humphreys). 445 


Quinidine sulphate, causing periodic asystole, case report (Green). 734 


Radiation, therapeutic, causing EC changes (Catterall & Evans). 168 

Radioactive injection, technique for studying small pulmonary arteries (James et al.). 695 

Respiration, ventilatory response to carbon dioxide, in mitral disease (Pauli et al.). 255 

Rhabdomyosarcoma, obstructing mitral valve, case report (Dunnet ef al.). 597 

Rheography, technique and clinical evaluation (Polzer et al.). 140 

Right atrium, myxoma leading to fatal systemic embolism (Carter et al.). 502 

—— ruptured infarct allowing dissection from left ventricle into, case report (McKeown). 434 

Right ventricle, congenital obstruction to both right and left ventricular outflow tracts (Neufeld ef al.). 686 
— outflow tract in pulmonary valvular stenosis, cine-angiocardiographic studies (Watson et al.). 706 

Right ventricular pressure, basic types of curve in congenital and acquired heart disease (Shanahan ef al.). 457 
—— related to valve area, in pulmonary stenosis (Campbell). 101 

Rupture, see Cardiac rupture, Papillary muscle 
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S waves, significance of deep S waves in leads II and III (Davies & Evans). 551 

St. Cyres Lecture, 1959, The Human Pacemaker and its Pathology (Hudson). 153 
Septal defect, see Atrial septal defect, Ventricular septal defect 

Singapore, congenital heart disease, types and incidence (Muir). 243 

—— coronary arterio-cameral fistula in infants of Chinese race (Muir). 374 

—— coronary heart disease, types and incidence (Muir). 45 

Sinu-atrial node, pathology, lesions, and association with arrhythmia (Hudson). 153 
Situs inversus viscerum, see Transposition of viscera 

Skeletal malformations, with familial congenital heart disease (Holt & Oram). 236 
Sodium antimony tartrate, see Antimony 

Status anginosus, EC, clinical features, prognosis and treatment (Papp & Smith). 259 
Subaortic stenosis, see Aortic stenosis 

Subarachnoid hemorrhage, EC abnormalities in (Shuster). 316 

Surgery, in atrial septal defect, EC changes following correction (Davies et al.). 274 
—— —— technique (Braunwald et al.). 385 

—— in coarctation of aorta, blood pressure responses to resection (March ef al.). 361 
—— —— circulatory studies before and after operation (Taylor & Donald). 117 
—— in Ebstein’s syndrome (Sinha et al.). 94 

—— infundibular resection following pulmonary valvotomy (Watson et al.). 706 
—— mitral valvotomy, atrial EC as guide to prognosis (Mounsey). 617 

——- —— post-operative deterioration (Baker & Hancock). 281 

—— in pulmonary atresia, results (Campbell). 527 

—— pulmonary valvotomy and infundibulectomy, technique and results (Edwards). 472 
Syphilis, gummatous myocarditis in, case report (Leach). 149 

—— rupture of papillary muscle attributed to syphilitic aneurysm, case report (Stirling & Lambert). 594 


Tanganyika, see Africans 

Transposition of viscera, with levocardia and cardiac anomalies, case report (Campbell). 432 
—— —— —— (Fitzgerald). 429 

Tumour, see Myxoma, Rhabdomyosarcoma 


Uganda, see Africans 


Valve, see valve concerned 

Valvotomy, see valve concerned, also Surgery 

Vectorcardiography, in myocardial infarction, method and diagnostic value (Howitt & Lawrie). 61 
Ventilation, response to carbon dioxide, in mitral disease (Pauli et al.). 

Ventricles, see Left ventricle, Right ventricle 

Ventricular aneurysm, see Aneurysm 

Ventricular hypertrophy, see Cardiac enlargement 

Ventricular septal defect, EC and vectorcardiographic studies (Beregovich ef al.), 205 

Ventricular weight, see Weight 

Viscera, see Transposition of viscera 


- 


Weather, see Climate 
Wedge pressure, pulmonary artery, see Pulmonary artery wedge pressure 
Weight, of ventricles, in intra-uterine life (Emery & MacDonald). 563 
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for the ora/ treatment of 


selected cases of severe hypertension 


‘PEROLYSEN’ 


trade mark brand 


PEMPIDINE TARTRATE 


‘Perolysen’ is a ganglion blocking agent 

which provides predictable absorption with 
high potency. Presented as 1, 5, and 10 mg. 
tablets to facilitate convenient dosage control. 


Detailed information is available on request. 


MANUFACTURED BY 
An M&B brand Medical Product MAY & BAKER LTD 


Distributors 
PHARMACEUTICAL SPECIALITIES 
(may & BAKER) LTD - DAGENHAM 


MA7535/100 


UMMMMMMMMMMMMHMMMMHHMMVT77qq@q_=T7TT7ZZ~TTTZ_TT7TTT—T™T7TTXX7T7?7?7T™XT?z77™TY?Z/"“"Z7"22?21"™|]77111"/™/™!™|"”"@1/MWVq@7T7@q77TH€CMMMMbtbd0é0V+0bttbb 


at+ 1 





BRITISH HEART JOURNAL 





Tablets 


Suppositories 


Ampoules 





S 





for effective treatment of... 


chronic bronchitis, pulmonary congestion, 
asthma, and allied chest conditions. 


cardiac failure, angina pectoris, Cheyne- 
Stokes’ breathing and other heart conditions. 


oedema and ascites, renal failure. 


PHYLATE 


ORALLY: PER RECTUM - PARENTERALLY 


ETOPHYLATE—soluble, neutral, stable theo- 
phylline ethanoate of piperazine—a powerful 
bronchodilator, cardiac and respiratory stimu- 
lant. 


250 mg., for continuous, oral administration, 
without nausea or gastric irritation. Bottles of 
25, 100, 500. 


500 mg., for prompt, prolonged action in both 
hospitalised and ambulant patients. Boxes of 
12 and 144. 


500 mg. in 2 c.c., for intramuscular injections 
only, painless and without discomfort. Also 
500 mg. in 5 c.c., for intravenous and intra- 
muscular injections. Boxes of 6 and 50. 


Etophylate is also available with Papaverine and Phenobarbitone. 


ETOPHYLATE is prescribable on the N.H.S. 

Samples and details on request. 

RONA LABORATORIES LTD 

12-13 MOLYNEUX STREET, LONDON, W.1 
Telephone: AMBassador 4437/9 
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U * SUSTAINED 
...now comes ATRUMP savcenn. 


to give a welcome TRINITRATE 


new deal in 


ANGINA \\ 
PECTORIS\* 


. » « one SUSTAC tablet gives continuous 
& controlled release of glyceryl 
trinitrate independent of pH for up to 
12 hours after ingestion. 





1 SUSTAC tabiets ensure 

s greatly improved sustained 
action therapy by superior 
“membrane” construction, 
giving your patients protection 
approximately 20 times longer 
than with sublingual glyceryl 
trinitrate. 


9 Marked reduction in the 

a number of anginal attacks 
after satisfactory initiation with 
SUSTAC, 


3 SUSTAC eliminates fear of anginal attacks 
a throughout the day and night and restores the 
patient's confidence 


BASIC N.H.S. COST: 30 '/2sth grain tabiets 8/6 
30 '/ioth grain tablets 10/6 


DOSAGE: Initially 2 '/25 gr. tablets daily, one in 
the morning and one at bed time-—-then 
adjust to individual patient's response. 


SUSTAC 


* one tablet /asts the night 
* one tablet /asts the day 





Literature and Samples on request from: 
ETHICAL DIVISION, PHARMAX LIMITED, 
WESTERN HOUSE, GRAVEL HILL, 

BEXLEYHEATH, KENT. 
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Without the Tet. Cffects of | 


AMINOPHYLLINE 


DELAMINOPH 


B.M. Trade Mark 


a nd FCOtt’ 


DELAMISED 


B.M. Trade Mark 


PREPARED SPECIALLY TO AVOID 
IRRITATION OF THE GASTRIC MUCOSA 


DELAMINOPH Tablets, containing 125 mg. aminophylline, 
are specially prepared to react only on reaching the duodenum, 


thus avoiding irritation of the gastric mucosa. 


DELAMISED Tablets contain 125 mg. aminophylline and 
16 mg. amylobarbitone. With similar delayed action, they are 


of special value in cases complicated by anxiety neuroses. 


DELAMINOPH and DELAMISED Tablets 


to Hospitals are $d. each 


Samples and further details gladly sent on request to: 


THE B.M. LABORATORIES 


medical information department 


SUFFOLK HOUSE, COPSE HILL, SUTTON, SURREY. 
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CTT MUM MMU UIL 


CELBENIN sxx 124 


REGD. TRADE MARK 


effective against 
all resistant 
Staphylococci 


BEECHAM RESEARCH LABOR ATORIES have pleasure in announcing Celbenin— 
the first non-toxic antibiotic effective against all resistant staphylococci. 





Celbenin is bactericidal to all strains of staphylococci 

irrespective of their resistance to penicillin or any other antibiotic. 
Clinical results show that the problem of resistant 

staphylococcal infection can be overcome with Celbenin. 

* effective against all resistant staphylococci 

* non-toxic 

* bactericidal in action 

x no cross-resistance with other antibiotics 

* resistance unlikely to develop 


Celbenin is chemically : Sodium 6—(2,6—dimethoxybenzamido)- 
penicillanate monohydrate. 


ADMINISTRATION 
Celbenin is given by intramuscular injection. 


AVAILABILITY 
Celbenin is presented as 1 gramme vials, in cartons of 5, 25 and 100. 


CELBENIN sri 124. 


REGD. TRADE MARK 





DEVELOPED BY aS a, 
BEECHAM RESEARGH LABORATORIES LTD <(iD- 
BRENTFORD : ENGLAND: TELEPHONE ISLEWORTH 4111 #3 
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® Melrose ey 


ONS = 
e PNB PREY 


Heart 











and lung machine 


> Clinically proved in several centres 
> Completely autoclavable 
> Simple to operate and economical to maintain 








> Heat exchanger now available for combined hypothermia 


The Melrose-NEP Heart-Lung machine has 
undergone continuous improvement since 1952, 
and is now offered as a fully developed 
instrument. 

The disc oxygenator, of stainless steel, is 
easily cleaned and is sterilised by autoclaving. 
Approximately 2 litres of blood are required 
to charge the machine even for large adults. 

A roller pump allows flows of between 300 ml. 
and 6 litres per minute to be used. Venous 
return, by gravity, is controlled by a specially 





designed clamp. Coronary sinus return 

is effected by roller pump and is designed 
to operate in all circumstances without 
Antifoam. 

An efficient filter and bubble trap to which 
the majority of the tubing connections are 
made, simplifies assembly. 

Electronic apparatus has been eliminated, 
although a continuous measurement of 
blood volume by mechanical means has 
been retained. 


New Electronic Products Ltd 


MAKERS OF SCIENTIFIC MEDICAL AND INDUSTRIAL INSTRUMENTS 


Head office and works 


360 Kennington Road London SE11 RELiance 5161 
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Rack mounted 
six channel 
physiological 
recorder 


A compact and adaptable unit designed 

for use during cardiovascular investigations, 
occupying only 4 square feet of floor space, 
and incorporating the following equipment* 


> Six channel ultra-violet direct writing 
recorder or 
Six channel photographic recorder 


Six amplifiers in any combination 
Four monitoring oscilloscope channels 


Two meters for monitoring the arterial and 
venous pressures 


ECG lead selector panel 
EE G power unit 


vvv VWTv Vv 


Mains stabilizing transformer 


* Unit construction throughout enables customers’ 
own requirements to be fulfilled. 


‘ P . WN, 7 ov > =) 
For further information please write to IN 2 


New Electronic Products Ltd 


MAKERS OF SCIENTIFIC MEDICAL AND 
INDUSTRIAL INSTRUMENTS 


4 Head office and works 
os 360 Kennington Road London SEI1 RELiance 5161 
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THE‘stanco’ CARDIAC DEFIBRILLATOR 


For the stoppage of ventricular fibrillation by the 
accepted method of controlled electric shock. 

This established equipment has now been 
further improved by the inclusion of 
locking plug and socket connections and 
one-piece moulded handles with detach- 
able leads. The electrodes are perforated 
around the perimeters for the easy 
attachment of saline pads. 

The equipment is ready for use as soon 
as it is switched on and operation is as 
simple as can be. The casing is sealed 
to conform with present standards of 
safety in operating theatres, as also is 
the footswitch. 





SPECIFPICATIOGON 


Power Supply: A.C. mains only, 50-60 cycles. 


110v. 200-250v. 
Shock Range: 100, 125, 150, 200, 250, 300 and 350 Volts. ' aceon ‘3 
Electrodes: One pair, perforated to take saline pads. 
Holders: Moulded in one piece. Detachable from 


leads and electrodes. 
Footswitch : Gasproof. One shock only per depression. 
Shock Duration: 1/5 second. 


Safety Measures: Audible and visual signals that apparatus 
is switched on. Pronounced additional 
audible signal when shock occurs. 








Casing: Aluminium, gasproof. 
Finish: Ivory stove enamel. 
Dimensions: 12” x 8” high x 124”. 
Weight: 28 ibs. complete. 


STANLEY COX LIMITED 


MEDICAL DIVISION 





93-97 NEW CAVENDISH STREET : LONDON’ W.1I : Telephone: LANGHAM 4551/6 : Telegrams: Stanlicox, Wesdo,London 
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Hygroton*’ Geigy provides continuing 
therapeutic control 
of oedema without 

physiological stress 
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DIGITALINE 
NATIVELLE 


(exempt from purchase tax) 








Successful Clinical Practice spreading over many years 
is proof of the trustworthiness of THE ORIGINAL 
PRODUCT. Standard works on cardiology and current 
medical literature refer to the unfailing reliability and 
constant activity of DIGITALINE NATIVELLE. 
Literature aud samples will gladly be forwarded on 


request. 


Supplied in the following forms: TABLETS (Pink) 0-1 
mg. (1/600 gr.) AMPOULES for intramuscular and 
intravenous injection 0-2 mg. (1/300 gr.). 


OUABAINE 
ARNAUD 


(exempt from purchase tax) 








May be relied on for rapid and constant therapeutic 


effect whenever Strophanthin therapy is indicated. 


International Standard of Ouabaine kept in National 
Institute for Medical Research, London. 


Supplied in the following forms: TABLETS 2:5 mg. 
(1/24 gr.) AMPOULES 0-25 mg. (1/240 gr.) for intra-. 


venous injection. 


Samples and literature on request 


LABORATORY NATIVELLE LTD. 


74-77, WHITE LION STREET, LONDON, N.1 
and at 18-19, TEMPLE BAR, DUBLIN 
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NEW DESIGN 





CZ 


Dye-Dilution 


Recorder 


MARK Il 





THE LATEST FEATURES INCLUDE 


@ ‘Standard ear’’ used for routine checking 
of performance. 


®@ Greatly improved stability. 
®@ Linear interpretation of records. 


@ Arterial pulsations positively eliminated 
without any form of damping. 


®@ Highly stabilised lamp supply unit. 








Completely re-designed, the Cambridge Dye-Dilution 
Recorder incorporates many new featurés that — proved 
by full clinical tests — ensure greater ease of operation and 
the drawing of curves with the utmost stability. 

Particular attention has been paid to the provision of 
facilities for users’ tests, so that performance of outfit may 
be checked at any time. A unique system for the linear in- 
terpretation of records has been devised enabling cardiac 
Outputs to be calculated with high accuracy. A highly- 
stabilised mains unit is incorporated to eliminate voltage 
variations in lamp supply and to avoid the necessity of 
an accumulator. 

A switch on the control panel enables either earpiece 
or cuvette to be used for CooMASSsIE BLUE, EVANS BLUE, 
(Azovan Blue) or FOX CARDIOGREEN (Indocyanine Green) 
Dyes. 


WRITE FOR LIST 326H 


For future publications, ask for Mailing form H/11/60 


CAMBRIDGE INSTRUMENT COMPANY LTD 


13 GROSVENOR PLACE, LONDON, S.W.| 
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‘Lanoxin’ may be used for initial digitalisation, for 
maintenance, for oral or parenteral administration, and is 
presented in forms suitable either for adults or for 
children. Absorption of this adaptable glycoside is uniform, 
its clinical overdosage effects short-lived. 


‘LANOXIN® DIGOXIN 


Tablets, Solution, Injection 
and Pediatric Elixir 


be 


BURROUGHS WELLCOME & CO. (The Wellcome Foundation Ltd.) LONDON 
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SANBORN 


accent on 


VERSATILITY 


SANBORN 


accent on 
PORTABILITY 


N ELECTROCARDIOGRAPH for maximum usefulness in your consulting room ...and an electro- 
cardiograph that you can easily take with you on any call—are the reasons Sanborn Company developed 
the 100 Viso and 300 Visette ECG’s. 


Both produce permanent, easily interpreted, diagnostically accurate electrocardiograms. Both are simple to 
operate... and both will give stable, trouble-free operation year after year. But there are also these 
important differences: in the 18-pound Visette, every practical means is used to achieve the combination of 
extremely light weight, brief-case size and “travelling” ruggedness. In the new 100 Viso for consulting room 
use, where instrument portability is not a prime requirement, the design includes such additional features as 
two recording speeds, three recording sensitivities, provision for recording other waveforms, and visual 
monitoring by an external oscilloscope. 


Each of these companion ’cardiographs has individual emphasis in terms of portability and versatility. But 
both equally reflect the best principles of modern diagnostic instrument design. 


Sanborn products are now freely available 


Sole British Distributors: 


ELECTRONIC & X-RAY APPLICATIONS LTD. 


J3-17 PENNANT MEWS, KENSINGTON, LONDON, W.8. Tel.: FREmantle 7744/5/6 Grams: Exal, Kens, London 
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BIOPHYSICAL RECORDING 
CINE ANGIOGRAPHY 


TV MONITORING 


PICKER 


4 
.... $80 Picker first <— le 9 dba 
ke uf” [i SANBORN 


" 


(TV: 
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PICKER SANBORN 

@ Special Cardiac Tables. @ 760 Series Operating Room Monitoring System. 

@ 8” Image Intensifier. @ 550, 350, 150 Series Multi-Channel Recording Systems. 
i i- ; : @ 267, 268, 270 Pressure Transducers — Sensitivity down 

@ Single & e sine Cine Angiography. to FSD 2:5 mm/H,0. 

@ T.V. Monitoring. @ Model 300 & 100 Electrocardiographs. 

@ Radio Isotope Equipment. @ Temperature Measurements. 

@ Oximeters. @ Respiratory Function Measurement. 

@ Phono Catheters. @ Tape Recording. 


Enquiries in Great Britain to EXAL 


ELECTRONIC & X-RAY APPLICATIONS LTD. 


13-17 PENNANT MEWS, KENSINGTON, LONDON, W.8. Tel.: FREmantle 7744/5/6 Grams: Exal, Kens, London 
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A NEW ROLLER BLOOD PUMP 


This new roller-type blood pump is a compact, self-contained unit designed for use in 
open heart surgery. It will pump blood at controlled flow rates from 0 to 6 litres per 
minute with negligible haemolysis. The replaceable pump element is a translucent 
rubber tube held securely in position by a positive clamp. It is cheap enough to be discarded 
and replaced by a new one after every operation. The flow rate is governed by the speed of 
rotation of the roller arm. This can be varied continuously from 0 to 200 rpm. A handle is 
supplied for manual operation in the event of a mains failure. 


mw Self-contained mg Negligible haemolysis m Simple sg Reliable 
= Up to 6 litres/min. flow rate m Disposable pump tube 


Associated Electrical Industries Ltd 
CAE) Radio and Electronic Components Division 
PD17. 155 Charing Cross Road, London, W.C.2. GERrard 8660 


CRC 17/28 
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THE I. M. E. TRANSISTORIZED 


CARDIAC PACEMAKER 


as used at 


QUEEN ELIZABETH HOSPITAL, HAMMERSMITH HOSPITAL, 









BIRMINGHAM LONDON 
Voltage adjustable Pulse width 
from 0-9v. 6 Milli-seconds 
Pulse rate Crystal microphone 


continuously 
variable from 
50 to 150 per minute. 


insert giving 
audible indication 
of pulse rate 


Batteries can be replaced without stopping Pacemaker. 
Unit automatically switches on when output lead is plugged in. 
Size 6” x 3” x 3”. 





SUPPLIED BY 


THE G.U. MFG. CO. LTD., 
28a, 33 & 34, DEVONSHIRE STREET, LONDON, W.I. 


Telephone: Welbeck 2835 (3 lines) Telegrams: Cystoscope, Wesdo, London 

























BRITISH HEART JOURNAL NOVEMBER, 1960 





emergencies... 





Prepared for 





Cedilanid 


BY SANDOZ 


When emergency digitalisation 
is essential and the intravenous route 
impracticable, Cedilanid may be given 
intramuscularly or even subcutaneously. 
The Cedilanid ampoule solution 
needs no dilution 


before use. 


.» 1m cardiac failure 


AMPOULES: 0.4 mg. desacetyl-lanatoside C in 2 ml. 
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The illustration shows 4 

record of the electric 

potentials corresponding 

to a single heart-beat. 

It was stored on the Remscope 
and photographed 24 hours later. 





persistent heart-throb 


In the study of cardiac conditions, the Cawkell Remscope can be invaluable. 
This unique storage oscilloscope will store fast transient signals for a week and 
display them for up to two hours. 

Used in conjunction with an electro-cardiograph the Remscope has the 
advantages of faster response and much larger display than other instruments, 
resulting (among other things) in more valuable detail being derived. 

The Remscope also minimises many of the drawbacks encountered where 
vector display is used, such as excessive halation at intersections. 

Because it is designed for the study of single-shot phenomena, or for repetitive 
signals with cycle-to-cycle variations, the Remscope will be of immense help in 
many aspects of electro-physiological study. 


Send for full details, or ask us to 
arrange a demonstration of this 
accurate and reliable instrument. 


The fastest storage 
oscilloscope in the world 
















emmy (AW KELL 


CAWKELL RESEARCH & ELECTRONICS LTD 
One of the Simms Group of Companies 
SCOTTS ROAD - SOUTHALL - MIDDLESEX 
Telephone : Southall 3702/5881 


Export Managers : Applied Research (Instruments) Ltd, Emefco House, Bell Street, Reigate, Surrey 
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EQUIPMENT FOR THE INVESTIGATION 





«ews KOORDINAT 


An X-ray table 
designed for 
catheterisation 
and angiography 


Table top moves freely in one plane 
(47” longitudinally and 10” transversally) 
for easy positioning of patient. 


Undercouch X-ray tube is permanently 
centred to fluorescent screen or image 
intensifier. 5”, 7” or 9” models can be fitted, 
and provision is made for either a 16 or 
35 mm Arriflex camera, or closed 

circuit television. 


In order to keep the floor space clear, 
ancillary equipment, including overcouch 
Applications include: X-ray tube, can be mounted on the 


Cardiac catheterisation ceiling using the Sierex ceiling suspension. 
Cine-fluoroscopy 


Angio-cardiography Leg arteriography device available as 
Arteriography an extra for use with Schonander 
Aortography film changers. 
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Two Important Advances in Cardiac Treatment 





























I. Automatic Electrical 


*Pace-maker 


For the direct or indirect stimulation of the 
heart. Facilities are provided so that, with the 
use of an electrocardiograph, the apparatus 
will be switched off automatically whenever the 
patient produces a spontaneous beat. 

The instrument may be used to stimulate 

direct to the heart or through the intact chest 
wall. The frequency and amplitude of the 
impulses may be varied according 

to circumstances. 


2. The Elema-Schonander 
| Oximeter 


For the determination of oxygen saturation 

of blood samples or continuous control of 
oxygen saturtaion of the patient with the use 
of an ear unit. 

The method is based on the measurement of 
reflected light from the blood. Light of 
600-700my is directed on to a sample; in 

these wavelengths the quantity of light reflected 
by the blood is a logarithmic function 

of its oxygen saturation. 

From a reading on the instrument’s scale a 
measurement can be calculated in a few minutes. 


Full details gladly supplied on request, 
Simply write or telephone 


SIEREX LTD 241 Tottenham Court Road 


London WI 
Telephone Langham 2464 










* Designed at St. George’s Hospital, London 
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In 1957, 26% of all male deaths between the ages of 45 
and 64 in England and Wales were caused by coronary 
heart disease. Despite considerable research, the cause 
or causes of this disease have still not been proved. 
However, it has been suggested from preliminary 
clinical trials that there may be a connection between 
high level blood cholesterol and the incidence of 
coronary heart disease. 


FATS AND CHOLESTEROL On this subject, an eminent 
authority on nutrition has written: 

‘,.. the important point is to 
increase E.F.A. and to decrease 
non-E.F.A. and excessive 
carbohydrate (which gives rise 
to non-E.F.A. in the body). Not 
all unsaturated fats or oils are 
good sources of E.F.A.: the 
best sources are the vegetable 
seed oils, and of these corn 
(or maize) oil has proved 
slightly superior to others 

in detailed trials of lowering 
serum cholesterol in man.’ 


azola 
CORN OIL 









Corn Oil, 
Cholesterol 

and Coronary 
Heart Disease 


(meme em me cee ee ee 





DIETARY ADVICE 


To avoid raising the level of 
cholesterol in the blood, 
many doctors recommend 
their patients to reduce their 
daily intake of animal fats by 
the substitution of a 
vegetable oil which contains 
the essential fatty acids. 

One that is particularly 
recommended is 

Mazola Corn Oil. 

Mazola is made from 
specially selected maize, 
which gives an oil rich in the 
most important of the 
essential fatty acids— 
linoleic acid. For this reason, 
it helps to reduce blood 
cholesterol. Mazola can be 
used for frying, grilling, 
baking and for salad dressings, 


If you would like to know more about Mazola Corn Oil— 
its benefits and uses—please write to us for a free copy 
of the booklet ‘The relation of dietary fats to chronic 
degenerative diseases’. 


BROWN & POLSON LTD - 125/130 STRAND - LONDON WC2 
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SEARLE 


the first specific 
aldosterone-blocking agent 


Aldacton 





Brand of Spironolactone. (SC 9420) 


The new therapeutic principle embodied 
in this drug effectively extends control 
of oedema and ascites in congestive heart 
failure, hepatic cirrhosis, the nephrotic 
syndrome and idiopathic oedema. 


Aldactone provides satisfac- 
tory relief of resistant or 
advanced oedema even when 
all other agents, alone or in 
combination, are ineffective or 
ate only partially effective. 


By blocking the effect 
of aldosterone which 
is the major cause of 
resistance to diuretics, 
and because of its dif- 
ferent site and mode 
of action Aldactone has 
a true and highly syn- 
ergistic activity when 
used with a mercurial 
or thiazide diuretic. 


What physicians may expect of Aldactone 


It is fully expected that Aldactone 
will change present medical concepts 
of therapeutic limitations in the manage- 
ment of oedema. Many patients living 
in a greater or lesser state of oede- 
matous invalidism can now be oedema- 
free. To others, gravely ill, Aldactone 
will be life-saving. 


References 

Science, 1957, 126, 1015 

Ibid. 1016. 

Lancet, 1958, 2, 1084. 

Arch, Int. Med., 1958, ro2z, 998. 
Lancet, 1959, I, 127. 


HIGH WYCOMBE BUCKS. 


XXiii 


When Aldactone is used ina compre- 
hensive therapeutic regimen, which 
includes a mercurial or a thiazide 
diuretic, a satisfactory diuresis and 
relief of oedema may be expected in 
approximately 85 per cent of oede- 
matous patients who would not 
otherwise respond. 


Aldactone is supplied as compres- 
sion-coated yellow tablets of 100 mg. 


8 ee oe 
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A new range of 


PHILIPS 


Cardiographs 




























Transistorised Electrocardiograph 

Completely portable transistorised Electro- 
cardiograph. Independent of mains supply. 
Miniature re-chargeable and_ unspillable 
battery giving seven hours operation per 
charge. Weight only 20% Ibs. All accessories 
accommodated within main case. Extended 
frequency response. Maximum sensitivity 
2 cms-ImV. Automatic battery charger 
included. 


Cardiopan I 

Single channel Direct-Writing Electro- 
cardiograph with rectilinear trace. Extended 
frequency range. Three recording speeds. 
Free from interference. Auxiliary apparatus 
for pulse or sound recordings available. 





Cardiopan 
lll 






Three channel 
Direct-Writing 
Electrocardio- 
graph with 
rectilinear trace. 
Extended 
frequency 
response. 
Continuously 
variable 
recording 
speeds between 
2 mm. and 100 mm. per second. Built-in 
amplifiers and filters for recording blood and 
pulse pressures, heart sounds and other 
physiological phenomena. 


Cardiopan II 

Double channel Direct-Writing Electro- 
cardiograph with rectilinear trace. Three 
recording speeds. D.C. input for pressure 
recordings. Additional accessories for pulse 
or sound recordings available. 





pues] PHILIPS ELECTRICAL LTD 


Cardiopan Electrocardiographs MEDICAL X-RAY DIVISION 
are made in Switzerland. 45 Nightingale Lane, Balham, London, S.W.12 


Telephone: Battersea 8521 
(PMX0319) 
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for the 
patient 
who needs 
diuresis 
or 
who cannot take ‘SALURIC’ by mouth 
‘Lyovac SALURIC’ is a preparation of specially processed 
chlorothiazide, immediately soluble in the appropriate 
amount of Water for Injection. Diuresis usually begins 15 
minutes after intravenous injection, reaches a maximum 
in 30 minutes and is over in about 2 hours. 
Each single-dose vial contains 0.5 G. chlorothiazide, present 
as the di-sodium salt. 
The United Kingdom N.H.S. basic cost is 17s. 6d. per vial 
Regd. 
Chlorothiazide, for intravenous administration only 
) MERCK SHARP & DOHME LIMITED, HODDESDON, HERTS 
XXV 
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Norman-N.E.. PP. 
Dye Assembly 


A linear Earpiece of high stability is now available for 
use during cardiac catheterisation in the detection and 
assessment of central shunts using dye dilution techniques. 
The earpiece may be used on patients down to about five 
years of age; an infant earpiece for use between birth and 
five years will shortly be available. For cardiac output 
measurements we are able to supply a whole blood 
cuvette* of proven linearity and sensitivity. Both units 
use completely sealed photo-cell assemblies and a thermal 
equilibration system, which ensure excellent short and long 








@ HIGH SENSITIVITY term stability. A switch on the matching units effects the 
circuit modifications necessary when using either Evans 
Blue, Indigo Carmine or Cardio Green. ‘‘ Both the Ear- 
piece and Cuvette may also be used, without alteration, 
with Coomassie Blue.” 


@ HIGH STABILITY 


@ PROVEN LINEARITY 





COMPLETELY 
SEALED PHOTO- 
CELL ASSEMBLY 


THERMAL 
EQUILIBRATION 


HIGH-INTENSITY 
LIGHT SOURCE 





New Electronic Products Ltd 


Makers of medical and industrial instruments 










Head Office and Works: 360 Kennington Road London SE11 Telephone: RELiance 5161 








For further information please write to the above address. 
* (1959) Brit. Heart J., 21, 107. ; 
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Pentoxy lon 


provides more complete relief 
in ANGINA PECTORIS 
because it contains RAUWILOID and PETN 


*Rauwiloid ’— 1 mg. alseroxylon fraction of 
Rauwolfia serpentina 


@ controls blood pressure by central action 


@ provides mild bradycardia to slow the racing 
pulse and prolong the diastole 


W@ calms the tense, anxious patient and allays 
apprehension of impending attacks. 


PETN — 10mg. pentaerythrityl tetranitrate 


@ dilates the coronary and other blood 
vessels for over four hours per dose. 







*Pentoxylon’ maintains the balance between 
coronary supply and myocardial demand. 


‘Pentoxylon’ restores the confidence 
of the anginal patient 


DOSAGE One or two tablets 
four times daily 
MUST BE TAKEN BEFORE MEALS 


PACKS In bottles of 
25, 100 and 500 tablets 


* Rauwiloid’ and‘ Pentoxylon’ are registered trade marks. 


Registered User: 
( RIKER } RIKER LABORATORIES LIMITED 
wv LOUGHBOROUGH +: ENGLAND PI 
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A MODIFIED HALDANE BLOOD GAS 
ANALYSIS APPARATUS 


x * 


DEVELOPED AT THE POSTGRADUATE 
MEDICAL SCHOOL TO THE DESIGN OF 
A. H. LATHAM, ESQ. 


x 
REFERENCE: J. PHYSIOL (1947) 105, 345-356 
x * 
REVISED MODEL WITH A DIRECT DRIVE 
MECHANISM 
x * 


TESTED AND APPROVED BY THE 
DESIGNER, AND M.R.C. PANEL OF 
TECHNICIANS 


x * 


Further details and prices obtainable from the 
Manufacturers and Suppliers: 


AIMER PRODUCTS LTD. 


56/58 Rochester Place, 
Camden Town, 
London, N.W.1! 





Phone: Gulliver 3618 
» 6466 














A forthcoming publication 


Modern Trends 
in Cardiology 


Based on the papers read at three recent conferences on 
cardiology, held by The Chest and Heart Association. 


Contents will include : the heart in pulmonary disease; 
differential diagnosis; cardio-respiratory function; heart 
failure in acute and chronic pulmonary disease; 
pulmonary hypertension; syncope; acute heart failure; 
after-care; prevention of acute rheumatism; surgical 
treatment; coronary disease; endocrine aspects of cardiac 
failure. 


For further details write to 


THE CHEST AND HEART ASSOCIATION 
Tavistock House North, Tavistock Square, London, W.C.1 
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